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ABSTRACT 
The primary aim of this investigation was to examine experimentally 
the systemic stress effects produced by systems used to support the 
body in sedentary tasks. 
In the main experiment subjects were required to carry out a simple 
reading and writing task, for three hours, under two conditions. In 
one (T1) condition subjects were provided with a sedentary support and 
work surface arrangement which represented an average, dimensionally, 
of those found in offices. In the other condition (T2) a sedentary 
support-work surface configuration was individually fitted to each 
subject in conformity with ergonomics principles. 
The effects of the treatments were compared using the fol101;ing: 
(a) biochemical responses, including total white cell and eosinophil 
blood counts, and urinary corticosteroid determinations, 
(b) visual and postural behaviour, 
(c) subjective comfort response and 
(d) performance at the reading and writing task. 
The main findings were as follows. ·Both conditions induced adverse 
levels of systemic stress measured biochemically. There was no 
difference between conditions. Female subjects exhibited greater 
systemic stress than male subjects in both conditions. Subjects with 
lower metabolic rates tended to exhibit greater stress responses. The 
order in which subjects fell in terms of systemic stress was effectively 
the same in both conditions. 
Subjects• visual behaviour was significantly better in condition T2 
than it was in T1. The order in Which subjects fell, in terms of 
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excellence of visual localization and orientation, was similar in both 
conditions. 
There was no difference in postural movement between the two conditions. 
Subjects who exhibited more postural movement in condition T1 tended to 
show a greater stress response. 
tion T2. 
The opposite tended to occur in condi-
No difference was found between the two conditions in terms of postural 
balance. However, those subjects who showed greater systemic stress 
responses in condition T1 also exhibited greater postural imbalance. 
The opposite occurred in condition T2. 
No differential effects between conditions T1 and T2 were found in terms 
of subjects• comfort responses, though in both conditions subjects were 
generally less comfortable at the end of the 3 hour task than they had 
been at the beginning. The seat used in condHion T2 was rated 
significantlf better than that used in condition T1. In condition T1 
subjects fell in opposite orders with respect to their comfort and 
systemic stress responses, the opposite occurred in condition T2. 
Performance at the reading and writing task was effectively the same in 
the two conditions. Subjects who showed evidence of systemic stress 
responses in condition T2 showed poor performance. 
was obtained in condition T1. 
A similar result 
Arguments have been adduced indicating that the systemic stress obser~ed 
was caused by inappropriate postures, induced by the tHo treatment con-
ditions. Posture was inappropriate in that it was severely unbalanced 
and restrained. This was thought to give rise to excessive isometric 
muscular tension, which because dynamic muscular activity relief was 
ii 
difficult with the body support system provided, caused imbalance in 
cellular function and energy demand in muscle tissues. This, it is 
hypothesised, caused an increase in tissue irritants and corticosteroids 
utilization, inducing a systemic stress response involving the hype~ 
secretion of corticosteroids to restore homeostatic balance, thus mini-
mizing muscle tissue damage. 
The results obtained in this thesis have important practical implications. 
It can be argued that the daily repetition of systemic stress, induced by 
inappropriately designed sedentary work situations, is the cause of ill-
health. 
iii 
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1. INTRODUCTION 
1.1 Scope of the Problem to be Investigated 
The investigation reported in this thesis arises from a concern for 
design, in particular the basis on which design decisions are made by 
those who are relied upon by society to determine the form and func-
tion of our man-made living and working surrounds. 
The investigation is directed in particular at the design of those 
man-made forms that interact with man's biomechanic structures in 
respect of the posture he adopts. It is thought that the sustained 
use of such forms, without a full quantitative understanding of their 
strong effects on the human organism, can no longer be accepted in 
the light of existing knowledge. 
The current investigation is based on the premise that man is a 
dynamic organism which is continually trying to perform visually 
centred tasks while maintaining an optimal physiological equilibrium, 
in which his organic needs and his mechanisms of orientation must not 
be upset to an unnecessary and possibly adverse. degree. 
Many such visually centred tasks are carried out in a sedentary 
posture. Indeed, sedentary activity is probably the most represen-
tative and common type of work found in a variety of contexts. For 
this reason, and because reports of health problems relating to 
sedentary work are increasing in number, the investigation was 
directed at problems relating to work of this type. 
More specifically, the following hypothesis was tested in the present 
investigation: THAT NO ADVERSE SYSTE~IC STRESS, OR UNHEALTHY LEVELS 
l 
OF PHY3IOLOGICAL CHANGE, ARE INDUCED IN THE HUMAN SUBJECT, WHILE 
PERFOW~ING A SUSTAINED VISUAL TASK IN A SEDENTARY POSTURE. 
Several important questions automatically arise from the general 
hypothesis posed: 
1) Do variations in body support configuration, in sedentary work 
situations, affect man's physiological functions differently, 
particularly biomechanic and biochemical, on a temporary and 
possibly on a permanent basis? 
2) Do variations in the configuration work surface in sedentary 
work situations affect man's physiological functions, particu-
larly biomechanic and biochemical, on a temporary, and possibly 
on a permanent basis? Furthermore, do the effects of body 
support and work surface interact? 
3) Do such physiological functions or responses vary with any 
particular individual characteristics of man or his postural 
behaviour? 
4) If there are variations in physiological functions, do these 
functions correspond with variations in subjective feelings and 
task performance? 
5) If man responds differently, in terms of his physiology, 
feelings, and task performance to variations in the amount and 
kind of sedentary postural support, are these responses 
predictable? 
The overall aim of the investigation has been to help bring closer 
together the disciplines of ergonomics and design. The objective has 
been to ensure that man's immediate environment, and the things l<ithin 
2 
it 1 rein:force his life processes and health. A subsidiary aim is to 
measure the quantitative psychobiological effect of static body sup-
port forms on the human organism, and by so doing, to seek to estab-
lish, at least partially, the importance of having to account for 
the dynamic body support requirements of man, via a biomechanic basis 
of design. 
1.2 Background to the Problem Under Investigation 
During the past 25 years or so a body of knowledge pertaining to the 
human sciences and engineering, referred to as either human factors 
or ergonomics, has been developing at an increasing rate, Along 
with this development, there has been a slowly increasing application 
of ergonomics principles in design. A brief historical overview of 
the application of ergonomics to design problems will provide some 
insight into the present investigation. 
Probably the first large scale use of ergonomics in regard to design 
occurred during world war II 1 when the demands of making and using 
highly mechanized man-machine systems first made themselves felt. 
Naturally, the emphasis in war' time was upon the design o.f military 
machines and systems. Many studies were carried out to determine 
how information should be displayed, how controls 1 workplaces 1 and 
work spaces and environments should be designed with the objective 
of making tanks, guns, aircraft, submarines, etc., safe and effici-
ent devices. 
From the original man-machine studies undert.aken for military pur-
poses, an interest developed after the second world war in the study 
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of ergonomics problems in relation to industry, particularly on the 
"shop-floor" level. 
In the 1950s, the need for understanding man's anatomical, physio-
logical and psychological capacities and limitations with regard to 
designing products and environments in a more general sense began to 
emerge. See (Woodson and Conover 1954; Floyd and Welford 1954; 
Dreyfus 1955; Chapanis 1959) and others. But for the most part, 
published information aimed at designers and others continued to come 
mostly from military research. 
During the 1950s, there was simultaneous increase in concern for the 
health and possible effects of environmental variables on man. This 
concern was summed up by Neutra (1954), p.l80 7 " •••• as designers, 
we should learn to distinguish on all levels those physiological 
responses that are constant, not acquired and inevitably elicited by 
our design" • 
Research sponsored by various professional groups and institutions 
began to indicate that the influence of environmental conditions.in 
short and long term periods were much greater than previously· thought. 
(See, for example, reports by the Texas Interprofessional Commission 
on Child Development, 1945-1953, and Finnegan 1945.) Findings from 
the examples cited indicated that the effects of environmental vari-
ables, particularly light, had marked effects on vision and bodily 
adaptation. In the short term it was found that poor environmental 
conditions lowered performance in visually cantered tasks. In the 
long term, such environmental conditions were found to induce perman-
ent bodily adaptation of an undeniable kind (such as malocclusion) 
and with accompanying visual difficulties (such as myopia). These 
4 
and the like results caught the imagination of some designers. 
Unfortunately, it is probably true to say that the true needs of man 
were often ignored by designers who continued to be preoccupied with 
aesthetic criteria. 
Work by authorities such as Harmon (1958) began to emphasise the idea 
that a more physiological basis for design was needed. Thus past 
design emphasis on man's "feeling" and "aesthetics" was beginning to 
be altered. 
Overall two primary messages came from this period. The first was 
that the physical character of whatever is man-made had an effect on 
man's life processes. Many threats to man's well:-being and actual 
survival were possibly due to a lack of an understanding of the causa-
tive relation. The second was that ><i thin the broad science of 
"psychobiology'' 1 as discussed by people such as Herrick (1956) 1 the 
interplay between biological and psychological factors should be 
recognized, in particular that there is a biological basis to man's 
behaviour. 
During the 1960s design specialization decreased. Consequently,. 
designers became more interested in the real needs of man and less 
interested in the cosmetics of design and the application of super-
~ 
ficial aspects of human factors. This change in emphasis occurred 
for several reasons, the prime one of which was probably increased 
governmental and public awareness of social and consumer problems. 
Also such awareness must have been heightened by the necessity of 
applying man's real needs in the manned space flight situation. The 
effects on health of contaminants in our environment 1 "space ship 
earth" 1 were and are very much in the forefront of public interest. 
Thus, the need for specific criteria on the ways such pollutants 
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may adversely affect man's health was recognised. Concern for broad 
problems was heightened. However, concern for the environment in 
which man spends most of his time, the immediate environment, was not 
significantly raised·. Extensive research in the area of the behavi-
oural sciences by workers, such as Hall (1966) 1 and Sommer (1969), 
and others, who examined microenvironment design problems, probably 
helped to cross human and biological science discipline barriers. At 
about the same time, a number of designers were developing systematic 
techniques which could be used in the design process and which incor-
porated the use of human factors data. These systematic techniques 
could be applied to product, interior and environmental design. The 
principal proponents of this approach include: Jones and Thornley 
(1963) 1 Alexander (1964) 1 .Nadler (1967) and Archer (1968). With the 
use of systematic problem solving techniques, incorporating the use 
of data relating to the real needs of man, design for the first time 
could be called a science. 
The interrelation between ergonomics and design has evolved. Thus 
man-made forms are beginning to be designed with more than aesthetic 
quality being taken into account. Human safety, health, well-being 
and performance are considered. Furthermore, design also allows and 
embodies maximum user comfort, individual adjustability, or fit, while 
falling within man's natural vision and physical capabilities, anq 
still maintaining maximum aesthetic qualities and performance. In 
several countries 1 particularly the U .S .A. 1 consumer and occupational 
interests have risen to the extent that design. must comply with speci-
fied limits of safety, health, etc. However, many standards are 
incompatible with current ergonomics knowledge. Furthermore, for 
many design problems where standards are necessary, relevant human 
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factors data do not exist. 
The need for greater understanding of the psychobiological implications 
of design is now well recognised. The need for such information, and 
more important, its interpretation for use by designers, is growing 
enormously. This need has been summarized byHarmon (1965) when he 
said that the practice of design needs to incorporate: 
"··· the use of disciplined imagination and a definable 
body of facts and skills to create an environment or an 
aspect of an environment which _will enhance the 
opportunity for a person or persons to meet a specific 
need or group of needs in a manner that is physio-
logically, psychologically and socially advantageous." 
With this expressed need, some researchers have been trying to test 
more rigorously the claimed effects of the-environment on man; see 
Smith, 1970 1 Stolpher, 1971 1 Grall and Matulionis 1971 1 and others. 
Whatever the source of stress, whether it be chemical pollution, 
physical or psychological in origin, it is believed that "survival 
through design" is the only option. The alternative is for society 
to maladapt to the stresses, whatever the source. The choice as to 
whether society controls its surroundings, or the surrounds control 
it, lies in the hands of society. A full understanding of, and the 
ability to predict, how man naturally responds as a whole to changes 
in his designed surround is absolutely necessary if the "human animal" 
is to survive in acceptable terms. 
A full understanding of how man responds to his designed surround 
involves treating him as a dynamic and not as a static system. It 
is becoming increasingly evident that a number of man's problems 
result from his being put in static, i.e., non-adaptive surrounds, or 
situations. The view is that since natural forms ahrays favour and 
preserve the living processes 1 and these forms are not static but 
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dynamic, man as a living organism, must also be treated as dynamic. 
In the context of the psychobiology of design, especially that aspect 
treating of man as a dynamic system, three problem areas are deserving 
of detailed investigation; these are: 1) psycho-social 1 2) visual-
perception, and 3) biomechanic. Of these three, the biomechanic area 
is the least well understood and possibly the most influential of the 
three. For example, some of the deleterious effects of gross bio-
mechanic maladaptation have been revealed in the work of Harmon (1965) 1 
Dart (1950 1 etc.), Grandjean (1969a) 1 Floyd and Ward (1969) and others. 
Proof of the influence of less than gross adaptation, both in the short 
and long term, is lacking. There are claims, and some evidence, that 
biomechanical adaptation by man to what appears to be minor changes in 
his work surround may be deleterious to the maintenance of his 
integrity. 
' 
Because biomechanic adaptation is often required because of the design 
.of man's surround, it is important to know the health implications of 
' 
this adaptation. This is necessary for the proper application of a 
psychobiological approach. to design. 
The validation of a biomechanic basis for design is the overall objec-
tive of this investigation, while helping substantiate the importance 
of designing for man as a dynamic organism. Issues posed in general 
terms in this section of the thesis, particularly those described in 
the last two or three paragraphs, are taken up in the next section, 
<<hich is a literature review. 
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2. LITERATURE REVIEI-1 
2.1 Overview 
To understand the problems involved in the present investigation, a 
literature review was undertaken. The literature was searched to 
establish the effect existing seating systems have on man with the 
objective of determining What seating characteristics were held to 
be most desirable. 
Sources included journals, books and reports of a clinical, bio-
medical and behavioural nature. Informational gaps within the 
literature were identified. Attempts were also made to identify 
past misconceptions, data conflicts and theoretical backgrounds 
pertaining to sedentary support research and design. 
The literature reviewed was divided into two basic parts: (a) 
statement of the known characteristics of physiological adaptation 
and the psychobiological character of the human organism. As the 
literature search develoJ?ed 1 it was found that several concepts and 
assumptions often relied upon by those determining the configuration 
of sedentary support were found to be in conflict with factual 
evidence. Through synthesis of the reviewed data, premises were 
developed Which formed a basis for the experiments included in .the 
present. investigation. 
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2. 2 Sedentary Support and Its Configuration 
Sedentary support is being used in this thesis as an example of 
products which can physically interact with man. Because various 
sedentary support configurations will be used as direct biomechanic 
test stimuli, and their influence on the human subjects measured as 
they perform a visual task, a clarification of the term "sedentary 
support" is necessary from the outset. 
In general 1 a seat is any physical form that provides a surface on 
which man is able to support and balance the majority of_ his body mass 
through his buttock, particularly the ischial tuberosities. Because 
of man•s adaptability, the shape 1 size and character of supportive 
surface required can vary greatly. 
A great deal of literature concerning man's reason for balancing and 
thus habitually positioning himself in a sedentary manner can be 
found. lKost data revolves around man's innate drive for the censer-
vation of energy .or· attempt to maintain the living processes as 
efficiently as possible. The literature, 1Korton (1952), Lawman 
(1960) 1 Gray (1968) 1 and others suggests that the main reason for 
. sitting· per se is to rest from having to maintain erect posture or 
locomotor activity. Rest is necessary since standing and locomotor 
activity require much more energy expenditure. In contrast, sitting 
is thus a relief or "restful". A lying position, to be sure, is. 
more restful, but probably is not as practical in meeting the majority 
of everyday survival needs. TVJo such needs, in particular, seem to 
have played an important part in determining why sedentary types of 
posture are adapted; (a) changes in diet and eating habits, and (b) 
development of eye-hand coordination skills. 
··" ' 
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When the need to carry out such coordinated activities more inten-
sively for longer periods arose, it became necessary for man, the 
creative animal 1 probably to begin searching for ways to improve the 
efficiency of the. supportive surface being used. Man's first evalu-
ative criteria for seating was probably determined by kinesthetic 
senses and subjective "feelings". The search for improvement in 
seating has continued as the need for sedentary posture has increased 
for a variety of reasons. 
A detailed history of seating, or sedentary support, design is not 
deemed necessary._ It is interesting to note, however, just how much 
the "appearance" of sedentary support has evolved, w~ile just how 
little its actual function has changed through time. Possibly we 
need to learn why? 
The interest in sedentary support is quite universal. As partial 
proof, according to Hennessey (1973), " ••• over 150 books •• " exist 
on the design of seating alone. These books indicate numerous varia-
tions in the variables of character, size, form, colour, and amount 
of supportive surface which c·an and have been provided. In the 
majority of alternative designs, some correspondence has been estab-
lished between combinations of levels of these variables and the kind 
of task activity and environmental situation to which the configurations 
are most suited. 
Three major classifications of sedentary support configuration exist 
at present, those suited to: 1) near or far visually centred task 
activities with a table or working surface; 2) non-visual task 
activities, generally resting or lounging; and 3) those that are a 
combination of the above, such as leisurely reading and resting at a 
ll 
desk. Basically, all sedentary support configurations suited to the 
situations defined above can be defined within three dimensions; 
(a) static/dynamic, (b) non-adjustable/adjustable, and (c) mobile/ 
immobile. Out of these three dimensions, it is important that the 
most common sedentary support configuration dimension combination 
currently found in sedentary work situations be described. A typical 
(a-b) dimensional combination is statio, but yet adjustable sedentary 
support. This is sedentary support, in which one or more of the 
supportive surfaces may have some rotational movement freedom, while 
allowing the user to manually adjust one or more of the supportive 
surfaces, possibly including height, depth and angle. The kind of 
sedentary support Which is typically recommended for typists is most 
common a variety of such sedentary support. Another, more common 
(a-b) dimensional combination is static, but without built-in adjust-
ment. This sort is, however, more often heavily cushioned. Common 
examples of such sedentary support are known, both as executive chairs 
(immobile-type) and general office work chairs (mobile-type). 
Although the so-called creative act of design and its result in deter-
mining the configuration of sedentary support is still considered "the 
signature piece of the designer" (Hennessey, 1913) 1 ergonomics data 
are being used more nowadays by designers. This change in design has 
had an impact and stimulated the exploration and testing of new seden-
tary support systems. Recent developments include new concepts in: 
adjustability1 Kroemer (1969), cushioning, Notley (1971) 1 new surface 
materials, Shaokel (1969), limited incorporation of rotational freedom, 
Lundervold (1957) 1 stretch-suspension surfaces, Bloomfield and Branton 
(see Carr, 1969) 1 and bean bags, Hennessey (1973) 1 and others. The 
in-depth study of seating comfort, the effects of dimensional, (Kirk, 
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1969), and angular changes (Ward, 1967) 1 body mass distribution 
(Notley1 1971) 1 and others (see Wely 1 1970), are features of recent 
ergonomics application and concern. The question which still remains, 
and which must be asked 1 however, is why are there still so many 
reported inadequacies in the sedentary support configurations of today? 
Even sedentary. support configurations which have been designed using 
the most up to date ergonomics information are still reported to be 
uncomfortable: Lundervold (1957) 1 Schackel (1969) and Ward (personal 
discussion, 1973) and others. Interestingly, it is said that the 
most comfortable seat configurations are "bulky, heavy, hard to move" 1 
Hennessey (1973). 
2. 2. 1 Health Problems Related to Sedentary Support 
To understand what really is causing these inadequacies in seating 
· design, possibly leading to sedentary related health problems 1 we need 
to revaluate the basis on which sedentary support configurations are 
determined. 
To start this revaluation, it is useful to return to one of the main 
reasons for pursuing this investigation. This was the awareness of 
an increasing incidence of chronic health difficulties that have been 
associated with even the best presently available seating configurations 
(see next paragraph). Current evidence indicates that the existing 
kinds of sedentary support are related to and possibly influence man's 
health to.various degrees. The association has been recognized, but 
the underlying causes of the health difficulties have not been deter-
mined. Nor has this problem been carefully surveyed. Over fifteen 
national and international groups 1o1hich l<ould most likely be concerned 
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with accumulating large scale information as to the incidence of such 
problems, indicate that such information does not exist to their know-
ledge. (see Bibliography for a listing of those groups that replied to 
an enquiry carried out by the present author.) 
Several of the most common health problems that have been reported as 
being associated with sedentary activity are included within the 
following categories:-
(a) Chronic fatigue, .backache, nervousness, migraine headaches and 
neuromuscular hypertension along with muscle spasms: association 
of these symptoms with sedentary activity has been discussed in 
Brown (1972) and by the International Labour Office (1971 1 p. 387) 
"··· fatigue, abnormal postures ••• are factors that are harmful 
to the digestive system •••• "; p. 371 " ••• frequent postural 
problems give rise to cervical, dorsal and lumbar disorders, 
considerable back pain and even deformities •• ·" 
Lamb (1965) in his book on postural behaviour, says " physio-
logical fatigue and tension, correspond with postural sameness 
in occupations." A ten year study, (Rowe, 1969) of "the low-
back syndrome" at an industrial complex was carried out by a 
medical team. Next to uppe~respiratory infections, low back 
problems were second as a medical reason for absence from work. 
One thousand sedentary and one thousand heavy handling workers 
were studied. Thirty-five per cent of the sedentary workers 
reported for medical attention because of a low back problem in 
comparison to forty-seven per cent for the others, during the 
ten years. In a study of low back ache in the Royal Air Force, 
Dr. Fitzgerald (1968) reports that the incidence of low backache 
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among aircrew is abnormally high. He attributes their problem 
due to long hours of uninterrupted sitting, inadequate back 
support and to torso restraint: "··· backache is so common that 
the majority of sufferers accept it as an occupational nuisance •• " 
Wely (1970) reports that musculo-skeletal disease is the main 
source of absenteeism in office and factory. 
(b) Another group of more overt health difficulties associated with 
sedentary activity include: gross postural breakdowns, postural 
twists associated with preferred-hand, "low. shoulder" 1 "short 
leg", and vertebrae deterioration. Grandjean, from the S1-1iss 
department of Industrial Hygiene, reported at an occupational 
health symposium (1968) " ••• the number of people afflicted with 
periodic or permanent pain in the back is great. Statistics 
indicate that over fifty per cent of adults suffer from backache." 
Harmon (1969) 1 an interdisciplinary diagnostician of health-design 
problems, has confirmed these statistics by reporting in a lecture 
that· nearly sixty-five per cent of all American white collar 
workers develop osteoarthritis, a degenerative joint disease, 
usually in the lumbar of the back. 
(c) Chronic diseases and infection including gastric ulcers, occupa-
tional myalgia (muscle tissue breakdo~~) and coronary disease. 
Several experts discuss the problems of sedentary related dis·ease. 
Jacobsen (1969) has said " ••• neuromuscular hypertension is the 
cause of various diseases." Another clinician, Lundervold (1957) 
reports that symptoms of occupational myalgia are more commonly 
found in young women typists, He indicates that this is probably 
due to muscle strain, owing to their unvaried typing postures. 
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Dubos (1967) in his famous studies on systemic stress suggests 
that if internal biochemical stress occurs, then nonesterfied 
(uncombined) fatty acids are released and mobilised. If, how-
ever, they are not used, as possibly during sedentary occupa-
tions, they can play a role in the development of cardiovascular 
diseases. His suggestion becomes even more relevant •·hen the 
findings of the International Labour Office (1971) are again 
reviewed (p. 259), 11 ••• coronary diseases are found more fre-
quently amongst sedentary workers or persons with heavy respon-
sibility." Other alarming factual evidence pertaining to 
sedentary activity has been reported by Harmon (1949) whilst he 
worked with the Texas Health Dept. An inventory of physical 
and psychological growth difficulties afflicting·school children 
was made. After studying 160,000 children in 4000 classrooms, 
it was found that chronic visual, dental and learning dis-
abilities were being induced in these children. Six months 
after the children·were able to use redesigned classrooms and 
seating, the same children " ••• were given the same medical and 
nutritional examinations, visual, psychological and educational 
tests. Results of the tests indicated a 65 per cent reduction 
in visual problems, a 47.8 per cent drop in nutritional defici-
encies, and amount of chronic infections were reduced by 43.3 
per cent. " 
It is recognized that many of these health problems may be due in 
part to the lack of physical exercise by those involved in prolonged 
sedentary work. Indeed, some experts suggest that orthopaedic 
damage due to sitting posture can be avoided by proper physical acti-
vity in sports and games. Tucker (1973) outlines the biophysical 
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benefits obtained from staying "fit" and maintaining an "active and 
alerted posture". It is also recognized that health problems may 
not be due to sedentary work per se, but in part due to the mental 
and external pressures which characterize many of the tasks carried 
out by sedentary workers. Just how much each of the variables 
affects the overall state of health is at best controversial. 
Nevertheless, it is felt that the use of more appropriately designed 
seating systems would go some way towards alleviating current health 
risks. 
Most of the leading ergonomists working on sedentary support problems 
agree that the need for further research into the effects of sedentary 
support are essential. The best approach for future research is 
conjectural. A number of ergonomists, Clinton (1970), have been try-
ing, however, to expose at least some of the short-comings of the 
traditional methods used. Two qualified and representative summaries 
as to the current "state of the art" in seating research were given 
at a 1968 International symposium entitled "Problems of Sitting 
Posture". 
Shackel (1968) stated: 
"··· experts• recommendations on the need for more experiments in 
the present state of knowledge are fully substantiated. The use 
of individual subjective opinion or of interpretation of chair " 1 
dimensions based upon size recommendations must be considered of 
doubtful value for comparative assessment ••• " (p.190) "·· :B:S.I. 
dimension recommendations may be useful broad guides for designers 
but need further experimental checking in some aspects •• "(p.l72) 
" ••• it should be possible but only by fairly extensive experiments 
to isolate more clearly the dimensional factors, etc., and their 
range which most effect the risk of user comfort •• (p.l72) " •• some 
of our ergonomic principles for chair design may need re-examina-
tion. For exam le one principle is that a chair should rovide a 
P• 172 (underlining by present author) 
A similar evaluation and point of view Has presented by Eranton (1968) 
Hho said that: 
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"Naturalistic studies of sitting have shown that spontaneous 
behavior regu1arl.y produces a variety of postures with hig:hl.y 
significant differences in frequency and duration. These 
results have since been substantially confirmed by other re-
searchers using both instantaneous observation and time lapse 
films ••• " (p.206) " ••• that sitting postures will in fact 
vary all the time is therefore a basic concept which must be 
incorporated into our research framework. How can this variety 
be accounted for. And could we predict which postures will be 
taken up in a particular seat. Since neither of the usually 
accepted factors, ischemia and dimensional misfit, would account 
directly for the differences in behavior 1 we feel that our ob-
servations warrant so far only the limited conclusion that seats 
do something to the body, or that some kind of interaction takes 
place between seat and sitter. The nature of this interaction 
needs to be explored." (p. 202-203) •• 
(underlining by present author) 
The above evaluations make it clear that the problems of sedentary 
support remain deceivingly complex. In review, the problem of obtain-
ing totally acceptable sedentary support systems from a physiological 
and psychological and thus a health point of view has remained complex 
for four major reasons. First there has been possibly too great an 
emphasis placed on studying sedentary support with regard to: narrovr 
anatomical and physiological considerations, specific tasks or products, 
·task performance levels, subjective responses, and time and motion con-
siderations. Secondly the development of new seating systems or con-
cepts has too often been derived from the isolated study of a narrow 
range of functions and needs. 
Harmon (1949 1 p.3) 1 however, states 
" •• while the various characteristics of the human organism 
may be studied separately as problems of pure research, all are 
interrelated and interdependent and in practical application 
must be considered together, for functioning or changes in one 
characteristic influence all other characteristics ••• " 
It seems likely in view of the statements of Shackel and Branton· above 
and indeed others, that even if all seats were designed in conformity 
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with ergonomic principles and used by the population at large, they 
would b~ unlikely to reduce the health difficulties described in the 
previous section. However, clues as to the possible common defici-
ency of present sedentary support configurations were given by both 
Shackel and Branton (see underlined sentences) evaluations and by 
others such as Lundervold (1957, p. 119) 1 
". • • several experts maintain that the best chair is one that 
allows the largest possible number of good sitting positions .. " 
and therefore he holds that the seat must not be anatomically 
constructed, 
Thus, the third and possibly most misleading factor as clues suggest, 
with regard to sedentary support research and design, has been the 
over-emphasis by most investigators on the requirement for optimum 
static posture. This over emphasis by most investigators on the 
requirement for maintaining optimum static posture, possibly stems 
from the standard definitions of posture, such as·" •• the relative 
.disposition of the parts of the body ••• to place the body in a 
particular manner •• ", Geddie (1971). The view that should be taken 
is that the human organism, like all other organisms, is dynamic. The 
human organism acts for certain purposes as a result of inner physio-
logical processes. Thus posture with regard to the present investi-
gation will be considered as the dynamic or continual reflex pattern-
ing of internal and neuromuscular processes of equilibrium against 
the forces of gravity. This dynamic concept of posture, involving 
the human organism changing balance in response to varying changes in 
stimuli has not been carried into sedentary support research or fully 
applied to any seat configurations (see section on Balanced Posture 
and Visual Perception). 
....... ____________________ _ 
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From information available, some intuitively based attempts at provi-
ding more natural postural support have been: (a) adjustability of 
the supportive surfaces whilst in use, such as found on expensive 
typists• chairs (Ryman Ltd. 1 London) 1 or fashionable "stratolounger" 
chairs (Stratford Co. 1 Chicago); (b) built in rotational seat back 
movement and a sliding seat pan 1 Harmon (1954) and (c) the use of 
stretched netting surfaces 1 Branton and Bloomfield (see Carr 1 1970). 
Attempts to reinforce artificially and/or mimic man's natural postural 
freedoms will probably require more than allowing or proV.iding for 
extensive "random" bodily movement. Researchers such as Lamp (1965) 
have indicated that " ••• postural adjustment for the sake of movement 
can introduce restlessness and be diversionary ••• " 
Therefore a ma.jor argument of the present investigation is that 
existing static sedentary support provides for action, but does not 
reinforce all the essential bodily position shifts required for 
maintaining the human organisms in an optimal state. Static support 
provides a frame of reference from which the human organism can 
function.. However, the human organism's natural responses, internal 
and external, are restrained. Thus, if normal structural changes 
are restrained, the organism's ability to maintain efficient function-
ing must also be restrained. More natural or dynamic sedentary 
support configurations would place the human organism in a balanced 
position between task demands, visual localization, manipulation and 
gravitational demands (see Fig. 1 1 p. 28 ), and satisfy total bio-
mechanical balance. Dynamic sedentary postural support of this 
nature, according to evidence and suggestions by Harmon (1949), Smith 
(1967) and Cohen (1968) would not hamper any basic physiological func-
tions, nor use energy .excessively, or limit the energy available for 
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vital needs, purposeful adaptation and full perception (meaningful 
awareness) of the immediate surround. 
In summary, the view is taken that more subtle indicators of physio-
logical change must be at work, and need to be uncovered and used to 
evaluate the adequacy of sedentary support. There is strong evidence 
from other research that health difficulties may arise from little 
recognized physiological stresses, associated with sustained use of 
existing seat configurations. Evidence byFinnegan (1945), Herrick 
(1956), Brown (1972) suggests that adverse levels of physiological 
stress may be present before subjective discomforts manifest them-
selves. Shackel (1969): "· •• the use of individual subjective 
opinion •• must be considered of doubtful value for comparative 
assessment." As a result it is believed that many past assumptions 
regarding seating have evolved from misconceptions about what are the 
appropriate criteria for assessment of seating adequacy. It also seems 
that the over emphasis and treatment by many researchers of man as a 
static, rather than dynamic organism, has misdirected past assessments 
of seating adequacy, at the expense of the user. 
2.3 Properties of Overt and Non Overt Physiological Adaptation 
2.3.1 General Definition of Physiological Adaptation and Homeostasis 
The human organism's ability to adapt to its surrounding conditions and 
to control its own internal environment is the key to its survival. 
The human organism's highly integrated system of sensing mechanisms 
which are stimulated by changes in the energy patterns of its surrounds 
make adaptation possible. Biological, neurochemical sensors, con-
stantly provide direct and indirect information as to the conditions of 
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the organism's external and internal environment. This information 
is continually being integrated by the sensory system and then acted 
upon by the organism as a whole. There is an on-going attempt to 
maintain an optimal internal, or biochemical balance. The .:internal 
balancing effort is known as homeostasis. 
"The coordinated physiological processes which maintain most 
of the steady states in the organism are so complex and so 
peculiar to living beings - involving, as they may, all 
working cooperatively - that I have suggested a special 
designation for these states, homeostasis. The word does 
not imply something set and immobile, a stagnation. It 
means a condition - which may vary, but which is relatively 
constant. " Langley (1968 1 p. 9) 
Maintenance of homeostasis is dependent on a feedback and control 
complex within the organism. How much the human organism must adapt 
to compensate for an imposed gradient of stimuli at any given time, 
and whether the amount of adaptation required exceeds the individual 
organism's normal threshold for change, is intimately related to 
whether mere strain is put on it, or an adverse physiological change 
occurs. Organic strain or pushing to the individual physiological 
' threshold is probably healthy as long as functioning is free to 
return to normal equilibria. Faber (1963) suggests: "when stress 
does not overwhelm, then the organism rises to its challenge, health 
and creativity may result. " Stress condition and subsequent syndrome, 
in the organism, can significantly upset the organism's cellular-
metabolic economy. This in turn alerts an entire series of compensa-
tory1 immunological changes to occur via systemic and neural mechanisms, 
working through the hypothalamus, anterior-pituitary, and adrenal axes. 
The literature indicates, Cannon (1932), Selye (1956) 1 Langley (1968) 1 
and others, that it is not just maladaptation or organic functioning 
outside the normal homeostatic range which is potentially destructive, 
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but also the "cost and sacrifices" the organism makes in fighting to 
regain homeostasis. 
2.4 Overt Physiological Adaptation 
Overt physiological adaptation is considered to be bodily change 
which is apparent by observation. The review given below is of data 
concerning overt, visual and biomechanic change and how they may 
interact. 
Optical Functioning 
The eye~ of the human organism are the organs of vision. Within the 
principles of refraction, binocular use of light energy provides the 
input for a unitary perception. The understanding of how we perceive 
is based on three concepts: accommodation, vergence and chromatic 
aberration. Together, these functions allow the human organism to 
discriminate shape, form and colour, or perform visual localization. 
There is a crystalline lens in each eye. These lenses are pliable, 
transparent structures. Elder (1942) indicates that accommodation 
is the functional capacity of each crystalline lens of the eye to 
adjust their common point of light ray convergence, as reflected by 
the retinae, and thus change their focusing distance. Through the 
use of its various mucles and reflexes, the lenses change their focus-
ing distance or power by increasing and decreasing their curvature. 
How changes in curvature occur is not fully understood. However, for 
distance vision at approximately six metres, and beyond, the lenses 
are relaxed. The closer the lens curvature follows the curvature 
of its nucleus, the greater its ability to converge light rays for 
close vision. 
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There is a crystalline lens in each eye. These lenses are pliable, 
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Vergence is a reflex mechanism activity that accompanies accommodation. 
This activity enables the eyes to cooperate and work together. The 
basic purpose of converging is to provide psycho-biologic information 
as to the organism's relationship to an object in space and with 
itself. Convergence and divergence are one of the necessary contri-
buting functions for producing a unitary perception from the binocular 
input. Gregory (1969) indicates that the angle of vergence is sig-
nalled to the brain as information of distance. Depth perception is 
a primary result. As the human organism changes, the accommodation 
of the eye's accompanying changes in vergence must take place if the 
image is to be perceived as a single image. Otherwise, conflicting 
inputs would arrive at the sensory areas and some distortion in vision 
would occur. " Because of this close linkage between accommodation and 
vergence, changes in vergence are reflected in changes in accommoda-
tion. 
Stolpher (1970) indicates that since the lens system of the human eye 
is not colour-corrected like a camera, it brings various wavelengths 
of light to focus at different points in relation to the retina. 
Therefore 1 chromatic aberration of the eye can influence the normal 
act of seeing, by its effects on the accuracy and direction of accom-
modation. 
Visual perception is generally thought of as being a non-passive pro-
cess of becoming aware of objects, qualities or relations via the 
visual sense organs, Gregory (1969) and others. What is perceived 
is influenced by set and prior experience. Controversy has continued 
as to just how the sense organs interpret and use perceptual stimuli 
and in fact what is included in the entire scope of influencing stimuli. 
24 
Research done by Lawman (1918) 1 Mills (1919) indicated that there is 
a relationship between skeletal alignment, postural attitude and 
occular vergence. They demonstrated by use of a balance beam that 
the reflex mechanisms which affect convergence also affect posture. 
Werner and Wapner (1949) developed a "Sensory Tonic Field Theory of 
Perception". Their theory includes tonic, or muscle tone, as well 
as sensory components, as being part of the total percept. Their 
experiments indicate that perception of simple figures and drawings 
could be changed by asymmetrical arousal of muscular tension in the 
neck. Their usage of "tonic" includes static muscular tension as 
well as phasic contraction or dynamic muscular activity entering into 
the actual postural movement. Their theory takes into account invo-
luntary or reflex as well as voluntary motor activity, together with 
sensory input, which is considered to be necessary, in order to have 
a total undistorted percept. During 1949-1958 Harmon observed in a 
case study how poor postural alignment was affecting children's 
visual skills. Pierce (1965) demonstrate.d that disturbances of body 
balance produced differences in accommodation. Smith (1970) 1 in 
experiments, found that improved vertical postural orientation from 
a "walking rail program" made children aware of better working posi-
tions, and also improved their handwriting and dra>Iing symmetry. 
Magnus (1925 1 1926) 1 Stolpher (1970) 1 and others have also found 
supportive evidence that perception can be changed by asymmetrical 
arousal of muscular tension in the neck. 
Whether or not the Werner and Wapner theory is accurate in all respects 
relating to the "psychology of perception" 1 there is little doubt that 
it, and the evidence supporting it 1 takes into account the human 
organism as·a whole. Thus visual perception is considered to be 
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meaningful visual awareness due to the recognition and proper inter-
pretation of the total stimuli pattern received in the brain via the 
mechanisms of vision. 
2.4. 2 Balanced Posture and Visual Perception 
Posture is said to be a two mode experience. Either it is static or 
dynamic. Static movement or isometric muscular activity is essential 
to the maintenance of a fixed posture. Whereas dynamic movement or 
phasic muscular activity is thought to be essential for maintaining 
muscular skeletal or biomechanic activity. A clear understanding. of 
the nature of both visual task· performance, posture and their relation 
is necessary in the pursuit of this investigation. 
Neurophysiological investigations of Magnus (1924, 1925), llruunstrom 
(1953), lluchwald (1967) and others, indicate that sources of nervous 
impulse for postural maintenance have four different sensory origins: 
(a) the labyrinths or vestibular apparatus of the inner ear. These 
respond to changes in head position, in acceleration and movement in 
space; (b) proprioceptive or kinesthetic sense organs in muscles, 
joints and tendons. According to Harmon (1969), there are two sets 
of signals in regard to movement, pinch signals within the muscles 
Which indicate amount of motion, and pinch signals from joint pads 
which indicate direction of motion; (c) exteroceptive or cutaneous 
nerve endings. These originate chiefly from the pressure sensor-
organs which are stimulated if the body touches the·ground; and 
(d) teleceptors reacting to distance stimuli.. These include the 
eyes, the ears and the nose. Signals from these sources are sent to 
a coordinate system within the brain, the cerebellum. To achieve 
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its position in space, the body responds automatically and reflexly· 
to these signals. Recently Martin (1967) indicated that the postural 
righting reflexes and thus biomechanic fixation are controlled via 
the globus pallidus within the basal ganglia at the base of the fore-
brain. Sherrington (1947) 1 and others, have pointed out that the 
body has a reflex mechanism for adjusting body position, in order to 
achieve optimum functioning with least effort. These reflexes are 
said to be reinforced by the labyrinth and neck reflexes which align 
the head 1 neck 1 trunk axis to coincide with the vertical gravitational 
axis in space. The on-going bodily.response to gravity forms the 
human organism's frame of reference for its overt actions. Besides 
constantly realigning itself with the gravitational pull under diffe-
rent task conditions, the human organism's biomechanic structure and 
sensory system are interrelated so that, in certain postural positions, 
this pull of gravity is more or less equalized (see Fig. 1.0 1 P·28 ) • 
Smith (1967) ·indicates that postural balance is sustained in large part 
by "biokinetic tremor" actions of the head and limbs. He believes 
(!••• a continuous stream of signals is transmitted about head position 
and body position in relation to both change in the centre of gravity 
of the body and in relation to the orientation of the torso. " 
The issue as to how interaction between vision and bodily orientation 
occurs in relation to posture has been the centre of controversy. In 
1918, Sherrington claimed that there were afferent stimuli, primarily 
intrinsic, from the eye muscles which registered the position of the 
eyes in relation to the head. This was thought to contribute to 
spatial perception. Helmholz (1925) 1 and others 1 such as Merton 
(1964) 1 disagreed. They suggested that no position sense existed in 
the eye muscles, but only a sense of the effort of the eye adjustment. 
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FIGURE 1. 
The interrelation of balanced posture and visual perception with regard 
to the force of gravity is given. In particular the common effect of 
maintaining a natural {a,b,c) vs. unnatural visual orientation on the 
biomechanic structure is indicated. 
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The stimulation of light energy on the retina is said by Elder (1942) 
to trigger the reflex posturing mechanism action which has been pre-
viously described. He later found evidence that, at a point in the 
midbrain area, the optic nerve fibres divide, and approximately 80 
per cent continue on to higher brain centres, and 20 per cent innervate 
the mechanisms of posture. Best and Taylor (1945) suggest that the 
superior colliculus serves as a centre for light reflexes and the 
correlation of impulses· from the retina with movements of the skeletal 
muscles, but not apparently for visual localization. Gordon (1972) 
substantiates this " ••• somatic inputs to the colliculus are topo-
graphically organized, although the topography is not as precise for 
these stimuli as it is for the visual input." The importance of the 
colliculus 1 it seems, is that it embodies superimposed topographic 
maps of visual, auditory and somatic fields together (see Fig. 2, P·3Q ). 
Harmon (1958) reported in his case study that posture was being influ-
enced by muscle tone against the forces of gravity and by the forces of 
~nergy 1 light in particular, in the environmental surroundings. Thus 
the relevance of the vision and bodily orientation interaction, and 
its potential implication with regard to the effects the "design" of 
· man made form was established. In 1961 Cohen found, in primates, that 
the detachment of the extraoccular muscles of the eyes did not cause 
observable disorientation. With an aesthetization of nerve roots from 
the first three vervical vertebrae, :the animals were unbalanced and 
lost motor coordination, as if their labyrinths had been destroyed. 
He concluded that vestibular organs are essential for orienting the 
head in space, but that the neck proprioceptors are equally essential 
for orienting the head in relation to the body. Neural anatomists, 
House and Pansky (1967) reinforce Cohen•s findings (see Fig. 3, P·31 ). 
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VARIETY OF SENSORY STIMULI converge on the superior colliculus, which is shown here in section (a). 
For simplicity and emphasis only one set of contralateral nerve pathways from the eyes and the_ 
spinal cord are depicted. The nerve projections from the spinal trigeminal compled (c), however, 
are bilateral and are so drawn. The retinal projection goes chiefly to the superficial gray layer 
~~d optic layer of the superior colliculus. A secondary projection from the ipsilateral eye is 
shown by a broken line. Nerve projections from the auditory cortex and the inferior colliculus 
(\vhich is part of the auditory system) terminate chiefly in intermediate > og; 
and deep gray layers. Projections from 8 tl:f 8 § ~;;;;: 
somatic cortex, r:.n somatic brain-stem nuclei t:: ~ ;'i~ i3l ~ ~~ 
and spinal cord~ also go mostly to inter- i::j t:J sg z ~ :;., 0 
mediate and > deep gray layers. R j:1. >-< 
!:"' Di ~ 
SUPERIOR COLLICULUS 
'-~----------------------------·---
FIGURE 3 •. 
A schematic of the superior colliculus is given as to how it neurally 
integrates with the vestibular and visual reflex pathways in man, with 
respect to body orientation. (Reference: House and Pansky, 1967) 
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Thus it can be said that overt changes in posture and bodily alignment 
were found to be primarily due to visual orientation demands. In 
1968 Cohen was able to reinforce his original findings and provide 
support for those of Harmon. 
Together, Harmon, Cohen and others suggest that neck proprioceptive 
signals are thought to act 1;ith a transducing function to synthesize 
visual localization; indicating where objects are in space, and body 
orientation indicating here the body is in relation to objects in 
space. Although Gordon (1972) suggests that there are no direct 
monosynaptic connections from the superior colliculus to the motor 
nerve cells in the head, she does indicate that we determine via the 
colliculus where the stimulus is, where it is going in order to bring 
the stimulus into centre of the visual field, and to keep it there. 
These results seem to further confirm Cohen's findings, and suggest 
that body orientation signals move from the neck to the superior 
colliculus. Martin's (1967) basal ganglia theory claims that visual-
postural reflexes are supplementary to somatic proprioceptive reflexes. 
Overall, the evidence of Sherrington (1918), Magnus (1925), Elder (1942), 
Best (1945), Werner (1949), Harmon (1949, 1958), Cohen (1961) and 
Gordon (1972) and others, indicates that balancing the body between 
multi-vector inputs with respect to gravity occurs rather than a simple 
vector relationship with just gravity. The evidence also seems to 
suggest multi-vector sensory inputs or stimulating forces can be con-
sidered to be any stimulus in the man made environment which reaches 
the threshold of human response. This· stimulus-body balance relation-
ship also includes overt movement and non overt changes in bodily tone, 
in relation to the total affective stimulus pattern. 
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Therefore in this investigation, posture will be viewed as being the 
balanced position of the body as a whole in the coordinates of space, 
as it is influenced by gravity, by the tonic (neuromuscular changes) 
imposed by other stimulus forms, and by the character of bodily move-
ment. 
The Dynamic Action-Reaction Structural Character of Man 
The interrelationship of balanced muscle tonus against .gravitational 
force, the light gradient information input to the occular system, and 
the imposed biomechanic forces imposed by a sedentary support configu-
ration, will be of major concern in the present investigation. In 
order to understand fully this interrelationship, a simplistic "model" 
as to how the muscular skeletal system of man works is needed. 
This sort of understanding is thought to be necessary before biologi-
cally suited sedentary support configuration experimental tests can 
begin. Finding such a model in the literature is difficult. It is 
aiso necessary to eliminate possible errors due to the use of partial 
biomechanic models typically found. Following an information synthe-
sis of: Dart (1947) 1 Knott (1956) 1 Basmajian (1962) 1 Murray (1967) 1 
Smith (1967) and others, a rationale has been developed to identify 
the overall effect of man's action and reaction neural-muscular 
structure. 
It is said that body movement is a change of place and position which 
occurs due to spiral biomechanic rotation and forward motion. This 
occurs with respect to the interplay between the forces of gravity 
·and the body's neuromuscular control of its biomechanic forces. 
Because the body is a very precise structural form, made up of quadrants 
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and subquadrants of muscular tension, in which parallelograms of biD-
mechanic force act in a diagonally reciprocal manner, a total action-
reaction bodily movement about its vertical axis is the result. 
The view is taken that thrusts of biomechanic force, and reflex 
balance occur at the body's structural joints, due to primary diago-
nally opposed 'lines of' muscular tension (see Fig. 4, p. 35 ) • These 
lines of tension in turn maintain the body mass segments about their 
joints. The body of man as a Whole should not be considered struc-
turally or neurally integrated as a diagonally reciprocal system, but 
only that it performs as though it were. Because the two bilaterally 
opposite halves of the body are controlled by simultaneous patterning 
of neural command, such movement behaviour results. The total body 
mass performs as a diagonally shifting structure, probably due to its 
alternate body segment, spiral rotations. Thus body movement can be 
defined as a continuous three-dimensional transfer of reciprocal-spiral 
biomechanic forces across the body, in the coordinates of space. 
The neural anatomy data indicate that the musculo-skeletal system of 
man is integrated to perform in this spiral manner. Also that it is 
specifically arranged with simultaneous neural control, not only to 
provide biomechanical forces to move the body mass segments, but the 
spiral action helps maintain efficient static and dynamic balance at 
all times (see Grall, 1971, p. 227-240 for model details). 
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FIGURE 4; 
The major "lines of" muscular tension (pull) and compression about the 
body•s structure are indicated, along with the subsequent action and 
counter-action forces which result. Forces shown are minimally required 
to maintain vertical biomechanic support and balance. The frontal and 
sagittal plane lines of pull and resulting forces need to be thought of 
as occurring diagonally, in three dimension. (Solid arrolvS and lines 
indicate the positive thrust resulting from the positive lines of pull and 
the dotted arrows and lines indicate the counter-thrust resulting from the 
negative lines of pull.) 
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Postural Adaptation, Asymmetry and Malfunction 
The dynamic character and activity of man's sensory and biomechanic 
postural mechanisms keep him oriented with respect to one major con~ 
stant, the pull or force of gravity. The body of man adapts struc-
turally as well as neurally to gravity. If, for example, the body 
is restrained, when using a piece of equipment, from maintaining its 
normal biomechanic freedom, it will get a different pattern of neural 
signals imposed on it. Thus biomechanic adaptation is dependent 
upon the position and use of the body segments in total. 
Structural adaptation to body function can readily be seen in handed-
ness. At an early age 1 the spine begins to deviate to the side 
opposite to the preferred hand 1 and compensatory "lower shoulder" and 
"higher hip" develop on the preferred side (Kendall 1 1952). 
Olsen (1966) reports that females of adolescent age are three times 
as likely as males to be victims of this kind of adaptation, known as 
"ideopathic scoliosis". It is claimed by Smith (1970) that skewed 
or unnatural neural signal patterns originating in maladapted, and 
thus restrained, neck and trunks can induce distorted functioning in 
occular motor mechanisms. ~nus body orientation which has been found 
to provide a basic frame of re'ference for determining visual local'iza-
tion can be distorted as well. 
Typically habitual asymmetric use of the neural muscular/skeletal 
system will cause uneven muscle pull and residual tension on the 
body's frame across the midline of its vertical axis. This will 
result in postural >Jarping. A compensatory or counter malalignment 
of the body is often produced by an initial 11arping. Body or postural 
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warping is often in a flexible state where only tissue is deformed. 
However, warping, without remedial physical therapy attention can 
become permanent as hard bone tissue changes occur. Thus posture, 
in a sense, is the overt representation of external and internal 
demands on the human frame. 
Summary of Overt Physiological Adaptation 
With regard to pursuing this investigation, two major points of view 
need to be emphasized. First, posture is not static positioning 
behaviour. This view is taken because of evidence already presented, 
particularly that indicating that the sensory pathways for postural 
control, including the vestibular systems, ·require "tremor" movement 
to retain sensitivity and precision in positional change. Restraint 
is known to markedly reduce positional sensitivity (Smith 1967, and 
others). The view is also taken based on evidence presented that 
because visual orientation factors are reflexly set and limited, the 
.dynamic action and response structure of the human organism must have 
(a) freedom to align symmetrically, (b) to change its alignment to the 
gravitational and biomechanic orientation task demands. 
Second, there is an important difference between. visual localization 
and visual orientation. It is believed that lack of understanding 
of this difference has caused a misleading assumption to develop. 
This is that we can, or should, design for man by manipulating the 
factors influencing his visual localization (i.e. shape, colour and 
form) without having to take into account his physiologically important, 
orientation needs first. This past assumption can no longer be held 
on the basis of current knowledge. It is believed that this false 
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assumption has been responsible for misleading ergonomics research on 
sedentary support. It seems that sedentary support can affect the 
human organism's visual orientation and possibly, its internal inte-
grity via its interaction with the organism's biomechanic structure. 
In review, if the biomechanic mechanisms, along with the forces of· 
gravity, are not being optimally aligned and able to reinforce the 
visual reflex demands of visual localization, then the organism on 
these premises not only loses its freedom to manipulate itself in the 
most efficient manner, but may be made to perform at an adverse 
expense. Work reviewed tends to reinforce the speculation that a 
biological basis for design and its evaluation needs to be developed. 
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NON-OVERT PHYSIOLOGICAL ADAPTATION 
Definition of Non-Overt 
Non-overt physiological adaptation is the series of bodily changes in 
response to conditions which are not obviously apparent by simple 
observation. The following review is of data pertaining to non-overt 
bodily changes, particularly biochemical, which can be induced by 
physiological adaptation. 
2.5.2 Activation and Fatigue of Muscle Cells 
Probably the concept of "work fatigue" is, and has been, a misleading 
assumption for design-ergonomists. This may be because fatigue is 
usually referred to in the literature as due to strenuous muscle 
activity, during which large amounts of lactic acid and bicarbonate 
material accumulate and reach some critical level beyond >~hich muscle 
contractility is severely impeded. There has also been too great an. 
emphasis on the subjective side of ">~ark fatigue" rather than on neuro-
muscular fatigue, of which a clear understanding is important in the 
pursuit of this investigation. 
In another context fatigue has been thought of as being comprised of 
the effects of time-variant factors such as: arousal, attention and 
effort, >~hich can act together to mediate strain, rather than stress. 
It is worth pointing out that, although level of skill is a factor 
linked to strain, task variables are proper parameters of physiological 
change and should be classed >~ith physical parameters of the environment. 
Fatigue is normally defined as "a state of diminished capacity to 
respond effectively to a stimulus" (Dorland 1 1968), but is often thought 
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of as being due to static neuro-muscular hypertension in the peri-
pheral muscle tissue. Physiologists agree that with increases in 
neuro-muscular tone, oxygen and carbondioxide exchange-rates immedi-
ately increase 10-25 per cent. Lundervold (1957, p.l35) has found, 
in typists, that as dorsal muscle activity increases, the pulse rate, 
metabolism and blood pressure also increase. Jones (1970) and 
Gillani (1973) confirm these findings. Jones (1970) also highlights 
the association between fatigue and sedentary posture, " •••• heart 
rate as well as neck muscle tension varied in a predictable manner 
with small postural image changes." 
It is understood that muscle fiber contraction is stimulated by ner-
vous impulses. Consequently, the amount of muscular activity is 
determined by the number of nervous impulses and in turn by the number 
of excited motor neurons in the "descending activation system" of the 
recticular formation of the brain stem (Grandjean, 1969). The over-
all force of contraction depends on the number of simultaneously con-
tracting fibers. The speed of contraction depends on the amount of 
force, within a given time. 
As previously mentioned, there are two kinds of postural, and thus 
muscular, activities; static and dynamic. Dynamic muscular activity 
can be considered to comprise rhythmic contractions while static 
muscular activity is probably best considered as an isometric state of 
tension. According to Grand jean (1969, p. 2) " •••• during static work 
the muscle does not extend its length, but remains in an increased 
state of tension." 
It has been shown that muscles have a rich vascular bed (see Fig. 5,p.41) 
"Circulation of the blood and body fluids is intricately interwoven with 
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FIGURE 5. 
A schematic of a capillary bed is given in order to better understand 
the circulatory systems, blood and lymph fluid interchange, and how it 
interrelates with cell and muscle tissue activity. 
(Reference: Dorland 1968 1 p. 385) 
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muscular activity and its blood supply" (Tucker, 1973 1 p. 43 ). In 
·fact, it may be said that the overall function of the circulatory 
system is to maintain muscle activity. 
During static muscular activity, the blood vessels are compressed by 
rise of pressure within the muscles and "this decreases the amount of 
blood flowing into them. In contrast during dynamic muscular acti-
vity, the muscle acts like a pump on the blood vessels, their contrac-
tion causing an expulsion of blood and the subsequent relaxation 
allowing a renewed flow of blood into the vascular bed o:f the muscles. 
In this way, circulation of the blood is increased and a muscle 
receives 10-20 times more blood flow during dynamic work than during 
static activity. As muscular activity increases due to the local 
formation of metabolities 1 more and more of the vascular bed is said 
to tend to open up (Gillani 1 1973). During prolonged static activity 
groups of muscle fiber are said to contract alternately in order to 
relieve each other serially during work, ensuring each fiber a period 
of relaxation (Grandjean, 1969). 
Because of this alternating action a muscle receives adequate glucose 
and oxygen for efficient energy maintenance, while at the same time 
various waste products are being removed. 
Conversely, as static or isometric contraction increases the energy 
reserves are consumed in proportion to the force of contraction. The 
ability of the circulatory system, the capillary bed in particular, to 
carry off the end products of energy expenditure is probably reduced 
in proportion to the per cent of energy expenditure per maximum force 
potential, (Gill ani, 1973). 
Currently there are t,;o opposing theories of muscular fatigue. The 
"chemical theorists" claim that decreases in energy reserves and 
increases in the waste :products of metabOlism in muscle cells and 
fibers are the cause of fiber fatigue, and that the electrical changes 
in the nerve fibers are only secondary. The "central nervous theorists" 
claim that the chemical changes in the fatigued muscle fibers are only 
the trigger to a process in which fatigue of adrenergic sensory signals 
are interpreted by the cortex. Afferent signals from the cortex then 
inhibit the higher brain centres responsible for movement. In conse-
quence, there is a decrease in the frequency of the action :potentials 
in the motor neurones. This in turn leads to a decrease in the force 
and rate of muscular contractions, and thus·a ~lowing of voluntary 
movement. Therefore,· any increase in static muscular tension requires 
a specific kind of increase in the expenditure of chemical energy. 
Metabolism 
~ 
Chemical changes taking place in the human organism are commonly. 
referred to as metabolism, (Diem 1962). The greatest part of metabo-
lism arises directly or indirectly from the need of living cells for 
chemical energy. The need for energy springs from the fact that 
living matter is a thermodynamically unstable system which cannot be 
maintained unless energy is added continuously. Besides, living matter 
is constantly engaged in activity; movement, chemical synthesis, and 
transporting substances against concentration gradients, as well.as 
maintenance of body heat. A smaller portion of the total metabolic 
system is concerned with the anabolic factors of gro>nh, the synthesis 
of substances such as hormones and antibodies, etc., and the replacement 
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of losses due to wear and tear of the body, such as of the skin and 
the blood cells. 
Laborit (1959, p~ 163) indicates that the response of an organism to 
aggression is of advantage to it if the energy release which it brings 
about can be exactly compensated for by efficient metabolic processes 
in all the tissues. 
2.5.4 Muscle Tissue Circulation 
Efficient metabolic activity is dependent upon efficient cardiovascular 
activity. Besides blood circulation through the cardiovascular system, 
including the vascular beds of the muscle tissues, there is also cir-
culation in the extravascular spaces of the body. This consists both 
of fluid within the cells, or intracellular fluid, and the fluid in the 
spaces between the cells, extracellular fluid. The complete circula-
tory system includes: tissue fluid, l;ymphatic circulation, and intra 
and extra cellular exchange, all of which are highly developed in 
bodily areas capable of muscle activity and maintain the movement of 
fluid needed for normal muscle function. 
Effective osmotic pressure, necessary for cellular exchanges is depend-
ent on the chemical composition of the blood and the tissue fluids. 
Due to high concentration of protein in the blood, the major osmotic 
contraction is into the cavity of the capillary. Electrolytes moving 
freely across the capillary wall drawing water or fluids with them, 
modify this effect. The purpose, in total, is to exchange (a) oxygen, 
(b) glucose, and (c) potassium/sodium ions from inside and outside of 
the cell walls. 
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The oxidative reduction enzyme processes which occur to maintain normal 
cell wall electrical potential are disturbed, when a deficiency in 
substrate supply, or when operation of the normal reduction process, 
occurs. Although neoglycogenesis is able to meet temporary substrate 
requirements, cell suffering and/or failing in cellular autoregulation 
wi+l often result. 
2.5.5 The Definition of Stress 
A major and often misleading concept is "stress". The word is used 
prolifically in the literature. Diem (1962, p. 475) gives a good 
account of its many connotations. However, the term is often loosely 
used and poorly defined. Thus it often plays an absurd part in much 
that is written about seating. Since this investigation is closely 
linked with a particular use of the term stress, it should be clearly 
defined. Selye (1956 1 p. 55) has said that "· •• stress can be referred 
to as a diverting and constraining influence on the human organism's 
physiological processes of balance." As Selye stated (1956) 1 these 
' 
processes of balance are representative of the human organism's total 
functioning, starting from the cellular level. Because stress may 
commonly be evoked by unnatural patterns or gradients of external 
stimuli, adverse "stress" will be referred to as: a condition which 
unnecessarily activates, upsets or diverts the organism's internal 
processes from their proper, homeostatic equilibrium or course o.f 
activity to such an extent that the adrenal cortex is hyperactivated 1 
which in turn causes·a significant rise in the corticosteriod level in 
the peripheral blood. 
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The Syndrome of Biological Stress.· 
. - . .. -_ ·. 
Selye (1956) aft~r many years of laboratory testing! developed a 
model as to the biologic stress-reaction pattern which occurs in the 
human organism when any adverse condition occurs. Although non-
specifically induced, the "general adaptation syndrome" (GAS) 1 he 
states, has three specific response stages: a) alarm reaction, or 
auxiliary activation of the adrenal-pituitary axis; b) stage of 
·resistance, when adaptation by the organism is made by containment or 
adjustment to the source of stress; and c) exhaustion, when the 
initial reactions spread. Within the syndrome of stress, he has also 
described (p. 66) how diseases of adaptation can occur. They are 
said to be due to either excessive, insufficient, or improper amount 
or mixtures of adaptative hormone secretion. Overall, Selye's GAS 
model seems to be valid in the sense that it holds up factually against 
the review of most other relevant literature. 
T?e physiological costs, and biological consequences, of low levels of 
adverse stress can be merely temporary, such as in the case of local 
bodily stress adaptation (Selye 1956, p. 56, 65). However, it seems 
that even local adaptation to stress, where only one or a few units 
within the body are affected, will cause organic damage if maintained 
too. 'long. Selye (1956), Dubos (1967), and others, agree that if low 
levels of organic stress are repeated at intervals, or su~tained 1 they 
can become destructive. To what extent, under what conditions, and 
within What precise limits existing sedentary support configurations 
are possibly guilty of inducing such adverse stress is unknown. 
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2.5.7. Systemic and Neural Stress Differentiation 
Cannon (1932), Herrick (1956), and Presser (1964) share the view that 
in the presence of conflicting demands, stresses occur which activate 
internal mechanisms. These bring about inter and intra cellular 
changes which attempt either to enhance the activity in order to 
resolve the stress, or produce an avoidance of the stress. 
They also suggest that adaptative stress causes the organism to func-
tion at a higher level than previously, and limits relative changes in 
·cellular function to narrow physical ranges, which can be biologically 
advantageous.. Adverse stress, on the other hand, restrains the 
organism from making a satisfactory adjustment within its normal range, 
to the imposed demands, or causes the organism to adjust, but at a 
considerable cost to the cellular integrity of the organism, which can 
be biologically disadvantageous. 
The nervous system, reinforced by the endocrine system, performs the 
vital functions of controlling physiological mechanisms so that the 
body can reorganize its internal and external functions in relation to 
the demands of environment and task. The difference between neural 
initiated stress and systemically initiated stress needs to be clearly 
defined. Because overall adverse stress has been defined as starting 
at the cellular level and blood composition changes in corticosteroid 
concentrations via the pituitary adrenal axis, these factors should be 
included. 
Selye (1956) argues that biological stress is basically an adjustment 
via the development of an antagonism between an aggressor and the 
resistance offered to it by the body. This quality of tension is 
probably responsible for the common, but very misleading, error of 
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considering biological stress as equivalent to nervous tension. 
At the 'Man Under Stress• Conference, Faber (1963) pointed out that 
"stress is often equated with exhaustion, nervous tension or strain, 
and perhaps pain and frustration." But this is definitely not so. 
It is thought, because of the human organism's complex nervous system, 
that perhaps mental stimuli, etc., would be the most likely stressors 1 
because we protect ourselves against most things, except our own 
response to them. But that is not how the body operates, Selye 
(1956, p. 57) indicates that under deep anaesthesia an induced stress 
response is the same as without anaesthesia. He gives another example 
as to why stress is not to be defined as a nervous condition, saying 
that 1 "if you denervate a limb completely, then traumatize it 1 the 
organism will still react to the "stress syndrome" with increased 
corticosteroid secretion, etc. " Therefore, some chemical substance(s) 
must mediate the stress reaction from the tissue irritation site, and 
this substance, as a message carrier, must be passed to the pituitary 
and adrenal glands and other receptors involved in the stress response. 
The Character of Hormones 
Hormones are "chemical messengers" 1 substances carried by the bl cod 
stream via which excitation or inhibition of particular groups of tissue 
cells can be commanded. They are potent chemical compounds that are 
intricately involved in the body's homeostatic control. 
tion and secretion are feedback controlled. 
Their produc-
Besides the hypothalamus 1 which produces its own hormone, called 
"Neurohumor" 1 which can stimulate the pituitary (hypophysis) 1 the major 
controlling glands are the thyroid, parathyroid, and the adrenal gland. 
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The adrenal gland is made of two parts. The outer shell is the 
cortex, the inner core the medulla. There are two of these glands, 
one over each of the kidneys. The adrenal cortex secretes hormonal 
compounds referred to as corticosteroids. The rate of corticosteroid 
secretion is controlled by a hormone from the anterior pituitary, 
referred to as adrenocorticotropic hormone (ACTH) 1 and the concentra-
tion of corticosteroids in the blood can inhibit the secretion of 
ACTH. 
Five hormones, from three different gl~nds 1 influence the interactions 
responsible for the maintenance of the blood glucose level. Of these, 
the most important are: glucocorticoid steroid hormones of the adrenal 
cortex, and adrenaline (epinephrine) 1 the hormone of the adrenal 
medulla. 
ACTH induces the adrenals to produce mainly anti-inflammatory corticos-
teroids (AC) such as cortisol, cortisone, corticosterone and cortexone. 
Thus the ACTH hormone can only inhibit inflammatory reactions. The AC 
are referred to as glucocorticoids because 1 as carbohydrate regulating 
hormones, they can effect glucogenesis. This in turn can increase 
blood sugar, blood pressure, thus affecting"··· pigmentation and 
emotional behaviour." (Selye 1 1956, p. 93). Stimulation of organic 
defence against a local stressor is created by the growth hormone (STH) 
and pro-inflammatory corticosteroid (PC). These inflammatory barriers 
of PC can prevent the spread of an irritant into the organism. 
A stressor, such as a build up of toxins or some foreign matter (tissue 
irritants), or a depressor of the normal oxidative process, acting 
within a local area of the body1 will be responded to both directly 
and indirectly by way of the pituitary and the adrenal gland. First, 
some kind of direct stress alarm signal indicating the need for more 
• 
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corticosteroid material from the stressed area is received by the 
pituitary. Although this signal exists, the nature of its composition 
is controversial. It is suggested that it may be a chemical substance, 
formed at the tissue being affected, and which is picked up neurally or 
sent via the blood. The message seems to travel to the brain and then 
to the pituitary through the brain stem and the hYJlothalamus. The 
message then stimulates the secretion of more ACTH; Another concept 
is that, corticosteroids are energy regulators, and that the hypothala-
mus in continuous sampling picks up abnormally high local energy demands 
and responds accordingly. 
An increase in ACTH stimulates the adrenal cortex to make more AC. The 
adrenal gland can produce PC, such as aldesterone and desoxycorticos-
terone, but it is unknoWn what stimulates it to do so. The PC are 
referred to as mineral corticosteroids because they can increase sodium 
retention, excretion of potassium, and other mineralization changes in 
the organism. By changing the proportion between AC and PC secretion, 
the human organism can regulate the cell tissues to undergo inflamma-
tion. This is an active defence reaction representing bodily fight. 
There is an element of repair in PC action, since any tissue defect is 
filled out and mended by rapid proliferation of connective tissue cells 
and fibers. As the fibers grow in number, they tend to contract and 
thus help to abolish the defect. Thus the function of the PC or 
inflammatory reaction is often important in the maintenance of health. 
Inflammation can prevent the irritation from spreading further by 
putting a strong barricade of connective tissue around it. Thus if 
the tissue defect or irritant is restrained, there is not enough food 
for it to multiply indefinitely, and eventually it "bogs down" in its 
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own material. Furthermore, any surviving irritants are destroyed by 
anti-bacterial chemical formed by the inflammatory tissue. Others 
will be engulfed by white,blood cells (WBC) which can literally "eat" 
foreign materials. 
When an irritant develops or acts upon the normal tissue, the local 
capillary dilates, and WBC in particular tend to emigrate into the 
connective tissue from the capillary tubes in the direction of the 
irritant. Due to PC 1 the tissues, cells and fibers proliferate and 
attempt to prevent the irritants from spreading. Often such prolifera-
tion and inflammation is in itself considered the "disease", in clinical 
terms. Sometimes, when barricaded, diseased tissue must be sacrificed 
and the destructive cells and fluids of inflammation enter the 
"quarantined" area to break down the irritant 1 and· in doing so 1 the 
irritated tissue as well. Proliferating inflammatory tissue action 
can cause swelling, heat, pain and interference with body part function. 
The body responds defensively with inflammation, or no inflammation, 
depending on the circumstances, primarily on whether the fight is going 
to do more damage than damage prevention. The whole development of a 
reaction to an imposed irritant seems to depend on the individual 
organism's conditioning factors. Both inherited genetic factors and 
previous exposure can create internal conditioning factors, such as: 
diet, climate, current experiences, all of ;:hich can influence the 
organisms overall response to a tissue irritant (Selye, 1956 1 p. 98). 
Nutriment balance, and dietary intake are particularly important in 
their effects on increased secretion of either PC or AC. The irritant. 
of stress itself can act as a conditiDning factor, on the effect of 
the adaptative hormones produced during stress on a later occasion. 
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Selye (1956, p. 96) states that " the same amount of cortisone 
which markedly inhibits inflammation in a patient who has just under-
gone a major surgical operation will be relatively ineffective in a 
perfectly heal thy person." 
The human organism responds in two ways to tissue irritants. To 
inhibit inflammation, it increases the production of, and tissue 
sensitivity to, anti-inflammatory corticosteroids. PC and AC, under 
certain conditions, act as irritants antagonistically to each other, 
and sometimes synergistically to increase .the other's effect. 
2.5.9. Adrenal Cortex and Control of ACTH Secretion 
Diem (1962, p. 475) indicates that when "stress" occurs, perfect 
functioning of the adrenal cortex is indispensible to recovery. 
Sufficient secretion of ACTH from the pituitary to ensure the stimula-
tion of production of adrenal corticosteroids is essential, for the 
cortex is unable to store any quantity of these hormones. ACTH seems 
to have an effect on the cholesterol-pregnenolone stage in the bio-
synthesis of corticosteroids due to adrenal phosphorylase involvement 
and presence of hydroxylating enzymes. To some extent, ACTH secretion 
tends to increase the secretion of aldosterone, possibly because one 
or more of the ACTH stimulated corticosteroids is a precursor for 
aldesterone. ACTH secretion also tends to cause an increase in the 
amount of ascorbic acid discharge into the blood circulation. Like 
STH, ACTH causes mobilization of fats and is antagonistic to insulin. 
ACTH, like cortisol, causes a decrease in eosinophil, blood cells (EBC). 
Pincus (1955 1 p. 743) concludes that the adrenal cortex exerts a 
regulatory influence on the structure and functional activity of the 
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macrophagic cells. These large phagocyte cells are typically found 
at the site of tissue inflammation. 
Control of ACTH secretion from the pituitary (anterior) varies in an 
inverse proportion to the exact content of corticosteroid, princi-
pally 11-17 oxycorticosteroids 1 in the blood. Besides the necessity 
of hormonal control, ACTH secretion is probably influenced to some 
extent by central nervous control (CNS) via the hypothalamus. It is 
known that morphine, reserpine, and chlorpromazine, whose point of 
attack is probably the hypothalamus 1 can block the secretion of ACTH. 
Suggestions (Diem, 1962) indicate that the hypothalamus and the pitu-
itary are integrated, via some sort of corticotropin releasing factor 
(CRF). Vasopressin is possibly the CRF. The control of ACTH secre-
tion by the corticosteroid content of the blood may also have a CNS 
origin in that the secretion of CRF is blocked or inhibited by corti-
costeroid action via the CNS. 
Elmadjian (1958) and Diem (1962) indicate that whereas the reaction 
of the pituitary to a "neural stress" may rely on nervous control 1 
adrenaline and histamine are thought to stimulate the secretion of 
ACTH, possibly by elimination of ACTH inhibitors. During adaptative 
"systemic stress" 1 however, there must be a direct influence via the 
blood circulation since after severance of the pituitary stalk, the 
secretion of ACTH continues unaffected by nervous reflexes, but may 
be influenced by injury to the tissues. Elmadjian (1958 1 p. 513) 
states that "··· the increased secretion of adrenaline observed under 
stress does not play any significant part in the stimulation of ACTH 
secretion". 
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Harris {1955) reports that it seems likely that light 1 acting via 
the optic nerve fibers 1 can in some way transmit a stimulus to the 
hypothalamus and pituitary. According to Harris {1955) and others, 
the indications are that a definite relationship between illumination 
and the neuroendocrine system exists. Thus light could play a part 
in the regulation of ACTH secretion and thus EBC diurnal changes. 
2.5.10 Conflicting Theories on ACTH Secretion 
Long (1950) has indicated that adrenaline released during psychological 
and physiological trauma stimulates the anterior pituitary hormone to 
produce ACTH. Others believe that ACTH released from the pituitary 
during psychological trauma, etc. 1 is not due to hormonal factors 1 
but is the result of neural stimuli originating in the cortex or lower 
down. {see Fig. 6 1 p.55 ) 
Harris {1955) and others claim that the major action of adrenaline in 
eliciting cortical activation is mediated in some way via the pituitary 
gland. According to them, conditions of stress are believed to 
activate neural mechanisms in the posterior hypothalamus which in turn 
excited secretion of adrenaline. This, because of the increased level 
of adrenaline in the blood, is thought to be a major factor in the 
immediate release of ACTH. 
Another argument about regulation of ACTH secretion upon stress has 
been put forward by Sayers (1950) and others, in which ACTH secretion 
is regulated by the blood level of the adrenal cortical hormone. Under 
conditions of stress, it is suggested that the peripheral tissues· 
utilize adrenal cortical hormones more rapidly. The cortical hormone 
Two of the most likely concepts, at present, concerning the feedback and 
control factors regulating ACTH secretion are schematically represented. 
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ACTH stimulates the,, adrenal .cortex' to secrete corticosteroids which 
inhibit the hypophysis. The hypothalamus controls the hypophysis 
and thus the adrenal cortex. (Langley 1 1968 1 p. 85) 
(a) 
Stress 
Hypothalamus 
(neural) 
. tt· 
nterior pituitary~ :> ~ystem·c) 
@ Adrenal cortex 
I ~ I 
·rl I 
~ 
"' 
.8 I I 
"'1 l __ @Adrenal 
cortex 
(b) !Adrenal cortical hormone 
(a) Factors regulating the basal, quiescent secretion of ACTH. 
(b) Factors responsible for the increased discharge of ACTH under stress-
full conditions. Under these circumstances two components appear to play 
a part in pituitary exci tation 1 a neural component acting through the i 
pituitary stalk, and a systemic component acting through the systemic blood 
supply of the gland. (Harris 1 1955 1 p. 126) l 
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contents in blood fall in consequence, and this, in turn, is picked up 
by the pituitary and directly stimulates the pituitary's tissues to 
secrete increased amounts of ACTH. Thus, according to this concept, 
the anterior pituitary-adrenal cortex forms a self regulating system, 
the balance of which is broken mainly by variations in activity of the 
peripheral tissues. 
The Character of Corticosteroids 
Hyperfunction of the adrenal cortex can be recognized by increased 
urinary excretion of cortisol (hydrocortisone). Diem (1962 1 p. 490) 
indicates that the adrenal cortical hormones enable the hurnan organism 
to react to internal and external tissue irritants, by sensitizing it 
and calling forth appropriate defence reactions, although they are not 
specific for these reactions. 
C21 (21 carbon atom compound) corticosteroids are said to have a pro-
found effect on the organism's carbohydrate and protein metabolism 
(glucocorticoid activity), and upon sodium and potassium metabolism 
(mineral corticoid activity). The most powerful of the glucocorti-
costeroid compounds are those with oxygen function at both C 11 and C 17. 
Glucocorticoid activity is considered to be primarily accounted for by 
cortisol which is the most abundantly produced and most potent adrenal 
cortex steroid. Corticosterone is the second most abundant corti-
costeroid and has a less powerful glucocorticoid action. 
It should be noted that aldosterone is the most potent mineral corti-
coid, and that it has an extremely powerful influence on salt metabolism. 
"It is 25-100 times more powerful than desoxycorticosterone ••• " (Diem, 
1962, p. 434). It also has an effect on carbohydrate metabolism. 
---------------------------------
Aldosterone secretion is controlled only in a minor ~;ay by ACTH 
secretion, since control over it is primarily via sodium and potassium 
concentration and the extracellular fluid volume feedback in the 
organism. By controlling sodium excretion from the kidneys, aldo-
sterone greatly controls the blood sodium concentration and thus the 
cells' sodium balance. 
Overall the action of adrenal corticosteroids is to increase the 
body's carbohydrate reserves. "Not only is glucogenesis from protein 
necessary to do this, but glucose formation from fat must take place" 
(Pincus, 1955, p. 721). Thus the overall action of these hormones 
seems to be concerned ~<ith the speed of various enzymatic reactions. 
2. 5~12 Corticosteroid Metabolism 
In the human organism, corticosteroids are rapidly broken do~<n. The 
half-life of cortisol, for example, is 1.5- 3 hours, that of corti-
costerone 1- 1.5 hours, and that of cortisone about 0.5 hour. The 
metabolic product of three major corticosteroids are tetrahydro-
compounds. Ho~<ever 1 cortexone reduces chiefly to pregnanediol, which 
is also a metabolic product of progesterone. Due to the oxidative 
decomposition of their carbon-atom side chains four other metabolic 
products result. Most important of these are the 17 ketosteroids. 
The metabolic breakdown of the corticosteroids takes place mainly in 
the liver, where decomposition products are immediately conjugated 
after formation as sulphates or b-glucuronides. "Nonnally 5 - 60 mg 
of cortisol are secreted by the adrenal cortex daily" (Diem, 1962 1 
p. 488). 
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2.5.13 Biological Action of Adrenocortical Hormones 
The effects of individual hormones on mineral and on carbohydrate 
metabolism overlap (Diem 1962, P• 490). Hov1ever 1 the physiological 
importance of cortisol depends much less on its effect on carbo-
hydrate and nitrogen metabolism, than on its effect on mineral and water 
metabolism. This latter action of cortisol is seen particularly under 
stress conditions. During such conditions the most vital requirement 
is the maintenance of the body's circulation, fluid balance and renal 
function. All corticosteroids affect mineral metabolism in a similar 
way, in causing various degrees of sodium retention. 
If administered, corticosteroids can raise the blood sugar level and 
promote the storage of glycogen in the liver, while muscle glycogen 
remains unaffected. Nitrogen excretion is simultaneously increased 
along with the amino-acid level in the blood. From this it can be 
deduced that newly formed glycogen is due to the breakdovm of protein. 
"Corticosteroids have an anti-anabolic effect, in that they inhibit 
protein synthesis and thus lead to intensified protein metabolism 
along with negative nitrogen balance." ·(Diem, 19621 p. 490). Thus, 
overall constructive metabolism is upset by abnormal corticosteroid 
increases. In man the extent of the nitrogen balance depends on the 
corticosteroid level (dosage) and can be corrected by increasing 
calorie or amino acid intake. Cholesterol is a precursor to all C21 
steroid hormones. Blood levels of it are found to rise as need for 
corticosteroid increases (Diem, 1962, p. 434). Corticosteroids also 
have a fat-mobilizing action in the subcutaneous tissues. Pincus 
(1955 1 p. 755) indicates that the adrenal cortex, corticosteroid 
secretion affects the stomach and appetitite, For example, he indi-
58 
I 
I 
I 
I 
I 
cates that the caloric intake in children was found to increase up to 
five times the normal when they were put on cortisone therapy. 
Cortisol regulates the distribution of water and salts in the body 
independently of the renal excretion of sodium. Some of the electro-
lyte displacements that have been observed in the muscle tissues when 
corticosteroids are administered include: increase of extracellular 
sodium, chloride and water, decrease of intracellular potassium and 
phosphate; and no change in intracellular sodium. 
2.5.14 Histornorphological Effects of the Corticosteroids 
"The corticosteroids mainly affect the tissues derived from the 
primitive mesenchyma; lymphatic tissues, bone marrow, connective 
tissues and synovial membranes" (Diem 19621 p. 490). They can also 
selectively inhibit the formation of new cells, or, following lympho-
cytolysis1 they can degenerate connective tissue. The effect on the 
lymphocytes may consist in a disturbance of cell metabolism. Lympho-
cytolysis1 and the inhibition of growth associated with it, are con-
sidered responsible for the increase in blood antibodies often found 
at the start of hormone administration, and, later, for the eventual 
decrease in these antibodies if administration is prolonged. Corti-
costeroids have not been found directly to affect cartilage or bones. 
However, proliferation, absorption and invasion of the connective tis-
sue of bone marrow in the growing end-part of the long bones are pos-
sibly inhibited. Corticosteroid level increases due to treatment in 
relation to the development of osteoporosis have been observed. The 
elastic connective tissue of the skin and body have also been found 
to be modified (Diem 1962). 
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2. 5.15 Corticosteroid Effect on Tissue Inflammation 
"ACTH, cortisol and cortisone have an inhibitory effect on most 
inflammatory processes of toxic, allergic, infectious a~d other 
origin •••• " (Diem 1962, p. 491). Glucocorticosteroids are often 
therapeutically administered: (a) when there is hypoglycemia, 
(b) as an analgesic for an allergy, dermatitis, bursitis, rheumatic 
fever and arthritis, and (c) when there are inflammatory diseases. 
Mineral corticosteroids are often therapeutically administered in 
pulmonary disease. Some major side effects of corticosteroid admini-
stration include: induced electrolyte imbalance, sedimentation of 
corticosteroids in the gastrointestinal tract, causing ulceration, 
increased susceptibility to thrombosis and cardiac circulatory 
failure due to edema and/or an over-accumulation of intercellular 
fluid. 
Overall corticosteroids are considered to have an analgesic effect. 
The exact mechanism of this action is not known. Their effect, 
however, seems to be part of the body's immunological system. This 
effect seems to be symptomatic, since the process or cause underlying 
the inflammation usually continues unaffected. 
2. 5.16 The Natural Defence and Immune Systems of the Human Body 
The human body is said to have a large amount of natural immunity or 
defence which makes it resistant, according to Guyton (1971), to many 
bacteria, viruses, and toxic substances, or tissue irritants, even 
without any specific immune process. In addition to its natural 
defences, it also has the ability to develop immunity against specific 
invading foreign agents (antigens) as mentioned. THO basic types of 
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immunity can develop via two different types of lymphocytes (Guyton1 
1971 1 and Good, 1973), There are "T-cell" lymphocytes Which are 
primarily responsible for the organism's ability to maintain its 
biological uniqueness. These White blood cells are sensitized 
against specific antigens and can attach themselves to the agent and 
destroy it. This is often referred to as "cellular immunity". There 
are also "Jl-cell" lymphocytes which can synthesize anti-bodies, globu-
lar proteins that circulate freely in the blood, that are capable ·of 
attacking the antigens. This is called "humoral immuni ty<•. Good 
(1973) indicates that the organism's survival is dependent upon these 
systems, which can quickly recognize and destroy anything that is not 
a normal bodily substance. 
The lymphocyte system of cellular immunity and resistance is different 
from the humoral in two basic ways (Guyton 1971); (a) once lymphocytes 
have been sensitized to a particular antigen they continue to circulate 
in the blood and body tissues, sometimes for years, and (b) frequently 
i~ can develop upon exposure to extremely minute amounts of antigens, 
even those amounts too minute to activate the plasmablasts. Therefore, 
immunity can be developed against some antigens when it cannot be 
developed by the humoral mechanisms. 
When an antigen enters or develops in the human organism, it is recog-
nized as foreign by the absence of a "hereditary biochemical identifi-
cation mark" (Good 1973) 1 and this can cause a resistance alarm in the 
body, When this alarm occurs, either "T" and "B-cells" are dispatched, 
or sometimes just one type. "T-cells" will mul tiply1 forming rings 
around the antigen, thus isolating it 1 and causing inflammation along 
with autolysis or disintegration by endogenous enzymes of the antigenic 
membrane. The "T-cells" may also stimulate macrophages (large 
scavenger cells) to digest the antigen, Meanwhile, "B-cells" are 61 
stimulated to produce specific antibodies 1·1hich attach and lock on to 
similar antigens in the future, making them more susceptible to dis-
integration, etc., by macrophages and other scavenger cells. By one 
or more combinations of lymphacyte action, antigens can be broken down 
into chemical compound forms to be cycled out of the body as •1aste. 
It is suggested by Guyton (1971), Good (1973), and others, that once 
a person has become sensitized to a particular antigen, lymphocyte 
reactions may destroy health cells as well, ,;hich can cause local 
tissue destruction, and healthy cell multiplication. Thus swelling 
or joint damage can occur and become the basis for muscular-skeletal 
breakdo~<n 1 such as arthritis •. 
Eosinophil Blood Cells 
The l~Thphatic structures, the thymus and spleen, are made up of innumer-
able white blood cells (WBC) referred to as lymphocytes, similar to 
those which circulate in the blood. According to Selye (1956), WBC 
are made in the lymph nodules, whereas Good (1973) claims they are 
"produced by the stem cells of the bone marrow •••• " What WBC do in 
solid lymphatic tissue or in the blood is not fully understood. 
Eosinophil blood cells (EBC) represent 1-3 per cent of all WBC. They 
are large granular nucleus WBC, and their function is still debated 
according to Selye (1956), Guyton (1971), and others. However, they 
do indicate that the WBC and EBC regulate antigen-antibody and bodily 
resistance reactions to foreign substances. EBC, in particular, are 
found to collect at the site of antigen-antibody reactions (Guyton 1971) 
Possibly because they are phagocytic and they exhibit chemotaxis, and 
thus have the ability to respond to chemical stimulation, it has been 
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suggested that EBC function is to detoxify the antigenic proteins 
before they can cause damage. 
Best (1953) indicates that the level of eosinophils in the circulation 
represents a balance between the rate of their release from the bone 
marrow and their removal from the blood. Like the other WBC 1 they are 
controlled by several physiological mechanisms that can alter their 
number and distribution. This includes variations in: the activity 
of the bone marrow, and the spleen, filtering action of the lungs, the 
selective retention of cells at sites of certain antigen-antibody 
activity. It also includes regulation by the adrenal cortex and 
indirect regulation by the adrenal medulla., Interestingly "... eosine-
phils are the only type of leukocytes (WBC) specifically attracted by 
shock tissues" (Best 1953). For some reason they are attracted from 
the circulating blood into those tissues in which antigen-antibody 
reactions take place (the so-called shock tissues). According to Best, 
this is considered of diagnostic significance when they are found in 
' biopsy. Eosinophils can phagocytize, uptake or envelope bacteria in 
vitro tissue specimens, but they do not usually venture into areas of 
localized bacterial invasion as do the neutrophilic leukocytes. 
Usually the neutrophil count in peripheral blood shows the opposite 
change to the eosinophil count (Pincus 1 1955). The rapid drop of eosinophils 
in the peripheral blood may be partially or entirely explained as a 
migration of cells into the tissue fluid. 
The growth hormone (STH) is formed in the eosinophil cells of the 
anterior pituitary. Normal STH secretion appears to be dependent on 
normal thyroid functioning. Interestingly the growth promoting 
action of STH is closely related to its effect on metabolism (Diem 19621 
p. 477). This is reflected in: (a) increase in protein synthesis, 
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thus a lowering of the blood amino acid level and increase in nitrogen 
retention, (b) decrease in the fat content of tissues as a result of 
increased oxidation of fat, while at the same time the level of free 
fatty acids in the plasma is increased, (c) increase in the salt and 
>later content of the tissues, in particular increase in the total 
extracellular water content, and (d) increase in blood sugar and inhi-
bition of sugar breakdown in muscle. Experimental evidence indicates 
that adrenocortical products are antagonistic in some way to STH 
(Goldenberg 1955). Harris (1955) reinforces this, "... in general it 
seems that stress stimuli excites the adrenal cortex and inhibits the 
thyroid gland". 
secretions. 
There is a reciprocal relation between ACTH and STH 
Current concepts of eosinopenia revolve around the fact that circulat-
ing eosinophils decrease when there is an increase of 17-hydroxycorti-
costeroid (17-0HCS), in the blood stream. The basis of this concept 
and subsequent details of the activation and inactivation of the 
anterior pituitary-adrenal axis were developed by Cannan (1932). Thorn 
(1948), Harris 1 Long and Sayers (1955), Selye (1956) 1 and their 
associates. Their studies clearly indicate that the greater the 
stimulus to the adrenal cortex from ACTH the greater the fall in 
eosinophils (eosinopenia). The mechanism that stimulates the pituit-
ary to produce and release ACTH has been at the centre of controversy, 
as discussed previously. 
In the view of Acland (1956), it seems probable that noxious agents 
may cause eosinopenia, both through the pituitary-adrenal mechanism 
and as an indirect result of histamine release from tissues which 
causes dilation and increased cell permeability. · He concluded that 
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the precise physiological basis of observed changes in the eosinophil 
count in the human subject is not easily defined. He also suggests 
that ingestion of eosinophil, blood cells by macrophages is stimulated 
by cortisone and the release of eosinophils from the bone marrow, which 
is inhibited by glucocorticoids. These findings are reinforced by 
Pincus (1955 1 p. 746), who believes that experimental evidence indicates 
that "... eosinopenia induced by adrenal steroids results from increased 
destruction of the EBC's in the tissues and not in the spleen or the 
blood". Thus, overall, eosinopenia typically occurs due to: (a) 
increased migration of EBC 1 s into the.tissues with inadequate replace-
ment, and through suppression of myelopoiesis in the bone marrow, (b) 
antigen-antibody union, (c) ingestion by macrophages, and (d) through 
increased secretion of corticosteroids or their administration. 
Normally 25 units of ACTH are said to cause a fall in circulating 
eosinophile of at least 50 per cent (Diem, 1962, p. 490). The fall 
is said to be approximately proportional to the blood level of cortisol 
a~d cortisone. Hill (1955) reports, in a study with crew racers, that 
a .73 mg per four hours rise in 17-0HCS material was excreted against 
a 70 per cent EBC fall. The actual threshold of a significant EBC 
change per amount of 17-0HCS material has been reported byHortling 
(1964, p. 209). He indicates that when the maximal content of free 
17-0HCS during ACTH administration was above 25-30 units per lOO ml, 
an inverse, statistically significant correlation with the number of 
circulating EBC was found. Only very low, or no correlations were 
found between 17-0HCS and EBC percentage of change if the content of 
the 17-0HCS in the blood was below this level. He emphasizes that 
there is a rather large variation of eosinophil response to 17-0HCS if 
the threshold mentipned above is not reached. 
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EEC level increase (eosinophilia) is said to occur during infection 
with parasites, in allergic reactions, functional disturbances of the 
spleen, in diseases of the blood-forming organs, and of the central 
nervous system. The commonest mechanism causing eosinophilia in the 
blood and tissues is an antigen-antibody reaction of the anaphylactic 
(reaction to a foreign substance to which it has previously become 
sensitized) type. Therefore, the eosinophilic response that is seen 
in a variety of clinical syndromes stems from a response of sensitized 
tissue in contact with sensitizing antigens. 
Controversy exists as to the actual life span of EEC. The minimum 
life span suggested has been 2-4 hours and the maximum 2-6 days. 
Overall the main factors that cause eosinophilia are of exogenous or 
external origin, whereas eosinopenia is usually the result of endo-
genous regulation inside the organism. 
Eosinophil levels are found to fluctuate with the seasons (Diem, 1962); 
during spring and autumn their base level tends to increase. Also, 
as mentioned previously, EBC are indirectly affected by the diurnal 
variation of ACTH secretion as influenced by the daily natural light 
cycle. 
2.5.18 Adrenaline and. Noradrenaline and Their Relation 
to Corticosteroids 
The interaction of the neural mediator of stress and the systemic 
mediator of "stress" 1 as has been defined, is intimate indeed. The 
adrenal medulla controls the sympathetic nervous systems changes and 
responses to stress, While the adrenal cortex controls the blood com-
position changes and responses to stress. Although this investigation 
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is concerned with systemic change, it is still important to understand 
the basic relation which the primary agents of the adrenal medulla, 
adrenaline (epinephrine) and noradrenaline (norepinephrine) have with 
the main agent of the cortex, the corticosteroids. 
Adrenaline and noradrenaline are produced by the sympathetic nerves 
ganglia, and also the adrenal medulla. Adrenaline that is discharged 
at nerve endings and at the argentaffin cells of various organs and 
tissues, has selective effects, whereas that secreted by the medullar 
gland only has a wide-spread effect. There is an approximate 4:1 
ratio of adrenaline to noradrenaline in the medulla. Noradrenaline is 
more prevalently discharged at the nerve endings, along with acetyl-
choline as well, a blood pressure-lowering agent. 
Noradrenaline and adrenaline are catecholamine derivatives, with very 
similar chemical and physical properties. They are primarily influenced 
by stimulation of the sympathetic nervous system, due to low blood sugar, 
stress of a traumatic nature, and/or a diseqUilibrium in "psychological 
homeostasis". 
"There does appear to be a basic definition of stress in terms 
of a disturbing condition which impels an individual to 
restore some sort of desirable balance or eqUilibrium between 
himself and the situational environment, either by a general 
rise in his level of motivation or by changing specific 
behaviour modes so as to make his response more suitable." 
(Klier, 1960, p. 5) 
There is evidence that adrenaline may act on the cell wall to decrease 
the rate of entrance of glucose into cells, with a consequent depression 
in its use. Typically the administration of adrenaline results in 
increase in oxygen consumption, and thus raises the body temperature 
and the basal metabolic rate. It also causes a short-lived increase 
in blood sugar as a result of increased gluconeogenesis, particularly 
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from liver fat through mobilization of muscle glycogen, and adipose 
tissue; thus there is a rise in unesterified fatty acids in the blood. 
The hormonal endocrine gland system response, whether the pituitary-
adrenal reaction is glyco or mineral corticoid in nature, will have re-
percussions on the cells similar to those caused by the adrenal-
sympathetic response. Whether these hormones make sodium penetration 
easier or rather potassium restoration more difficult, the results will 
likely be the same; (a) an increase in the sodium reserve and retention 
by the cells, (b) a rise in the muscle tone, and (c) an increase in the 
amount of energy released. 
The metabolic effects of adrenaline are almost entirely absent in 
noradrenaline. However, both can cause a rise in blood pressure, thus 
greatly affecting the entire circulation, but in different ways. 
Noradrenaline causes vasoconstriction, reduced blood supply to all 
organs, increase of peripheral resistance, but no change in cardiac 
performance. Noradrenaline is without effect on the central nervous 
system. Adrenaline on the other hand causes an increase in cardiac 
performance, vasodilation, increased blood supply to all organs (except 
the kidney), decrease of peripheral resistance and thus a dilation of 
the muscles' vascular system. This in part helps explain why adrena-
line is said to cause feelings of oppresSion and anxiety, while causing 
res-tlessness. 
Thorn (1948) has shown that noradrenaline has no effect on eosinophil 1 
blood cells and postulates that adrenaline is able to instigate 
eosinopenia. However, this influence is not mediated through the 
adrenal gland. Hortling (1964) and others indicate that increases in 
adrenaline ac-t on the spleen in its distribution of formed elements of 
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the blood, thus producing an instantaneous increase in all circulating 
liBC. Adrenaline is claimed to influence the level of eosinophils 
because it enhances the effect of glucocorticoids in the peripheral 
tissue and in turn helps to reduce the EBC level. 
ACTH was found by Recant (1950) to produce an EBC fall only in the 
presence of the adrenal cortex. He thought, i.e., that this response 
does not require the adrenal medulla for its action. He also reports 
that adrenaline leads to a eosinopenia response only in the presence 
of a normal pituitary-adrenal mechanism. The pituitary was found to 
respond with the hypothalamus even when devoid of its nervous and 
vascular connections. This suggests that adrenaline works only 
synergistically with circulating corticosteroids. This synergistic 
action may well be the greatest at the cellular level. Sayers (1950 1 
p. 122) reports that " ••• epinephrine does not discharge ACTH by 
direct action on the anterior pituitary or via a neural link to the 
gland, but rather acts to increase peripheral. utilization of cortical 
hormones." This report has beeri substantiated by Best (1952 1 1953) 
and others. Best (1953 1 p. 706) said that "··· recent observations 
from two laboratories indicate that injection of epinephrine in man 
does not cause a rise in blood levels of 17-0HCS, nor does it produce 
Uniformly significant 17-ketosteroid action." 
Because neural stress has been associated with increased adrenaline 
secretion, it interestingly has been found (Oser1 1965, p. 343) that 
a liBC count above 10 1000 can be associated with emotional states of 
fear, rage and apprehension. 
- ----- - ------- ------·--------------------
2. 5.19 Hormones and Behaviour 
Harris (1955) reports that it is impossible to say that the hormones 
derived from the thyroid or adrenal cortex exert any effect over man's 
behaviour. Clear abnormalities in behaviour may result from diminished 
or increased production of these hormones but such effects may be 
secondary to the disorders of general or nervous metabolism. Harris 
(1955) says that other work indicates man's hormones may influence his 
behaviour through their effects: (a) upon the organism as a whole; 
(b) upon specific morphological structures employed in particular 
response patterns; (c) upon peripheral receptor mechanisms; or (d) 
upon the integrative function of the central nervous system. 
Singh (1969) has developed an hypothesis for a biochemical basis of 
affective disorder in man. Overall it rests on the idea that changes 
in electrolyte distribution, i.e. 1 cell membrane potential 1 cause a 
chemical change in the cells electrolyte ·composition, which in turn 
adversely influences the amine metabolism. Amine is a precursor of 
catecholamine, an agent of the sympathetic nervous system. Amine 
concentration coincides with brain excitation. Thus he suggests there 
may be a fundamental relationship between changes in electrolyte dis-
tribution, in particular increases in residual sodium, and the distur-
bances of mood 1 and these changes may be the consequence of an altered 
cell membrane function. He believes that this relationship is deter-
mined by the storage and release of biogenic amines and by the influence 
of corticosteroids on the electrolyte. Administration of corticosteroid 
hormones to experimental animals produces changes in brain excitability 
accompanied by changes in sodium distribution across neuronal membranes. 
However, he also reports that no correlation between plasma cortisol 
levels and severity of mood disturbance has been established. Many 
believe,,that changes :tn the metabolism of certain local neurohormones 
may cause mood disorders. 
In conclusion Singh (1969) suggests that an abnormality of mood may be 
expected to arise in one of at least three ways: (a) abnormally per-
sistent impulses inhibitory or excitatory from the body's modulating 
systems, (b) inhibition of sodium-potassium ATP-ase (enzyme) system by 
toxic metabolic factors, and (c) genetically determined deficiency of 
the "unique" ATP-ase. 
Comfort and Subjective Behaviour 
Whatever the outcome of findings by people such as Harris (1955), 
Singh (1969) and others, into the possible influence of "stress" 
hormone secretions and emotions, the use of "comfort" as a measure of 
well-being is viewed as inadequate. This view is taken principally 
because this measure of stress is at best difficult to control, 
quantify and, evaluate. Furthermore, the author contends that this 
state of well-being can be induced through suggestion, motivation, 
functional and performance changes, and by psychological adaptation. 
Thus comfort is viewed as a poor sole measure to test or evaluate 
sedentary support configurations. 
2.5.21 Summary on Non-Overt Physiological Adaptation 
The coordinators of the human organism's internal activity are the 
nervous and hormonal systems. The neural system typically signals 
the entire organism to act or advance, while the hormones typically 
signal the body to relax or to retreat. 
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The entire complex of the cellular system seems to be organized to 
control and maintain its energy supply for advance (fight) or retreat 
(flight). Laborit (1959) suggests that the complex of cells which 
make up the living human organism is only able to respond as a whole 
to outside stimuli if its particular systems can act and relate the 
life of one cell to another. This need is first accounted for by the 
cells' fluid environment in which they are all bathed. Within this 
fluid environment are three intercellular correlation systems: (1) a 
vascular system which maintains the transport of vital supplies, (2) 
the endocrine system which secretes the hormones, and (3) the autonomic 
or quick acting correlation mechanism of the cells' entire environment, 
i.e. the nervous system. These systems are the maintainers of the 
balanced and functioning living organism. 
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3. DEVELOPMENT OF THE EXPERIMENTAL DESIGN 
3.1 Overview on the Prelimina~y Experiments 
Before the main experiment (4) and its subsidiary experiment 
(5) were carried out, three preliminary experiments were conducted. 
These preliminary experiments were carried out with the following 
broad objectives: (a) to explore tentatively the null hypothesis that 
no adverse or unhealthy levels of physiological change or stress are 
induced in the human subject while performing a sustained visual task, 
in a static sedentary posture; (b) to gain at first hand, some feel 
for the problems and difficulties which arise in carrying out systema-
tic observations on visual and postural behaviour, and (c) to try out 
various measurement techniques, particularly biochemical measures of 
systemic stress, to determine their usefulness in terms of convenience, 
validity and effectiveness in the hands of the present investigator. 
Each of the three preliminary experiments is broken down into its 
respective aims, results and evaluation for further technique develop-
ment. 
3.2 Experiment 1 
As indicated above, three preliminary experiments were conducted. The 
aims of the first, having set up conditions in which differential 
systemic response might be expected, were:-
(a) to use non-overt indicants of systemic stress to determine 
whether stress effects were observed between conditions. The 
non-overt indicants chosen were total white cells blood count 
(WBC) and eosinophil blood count (EBC) per cu.mm. 
(b) to give the author practice in making determinations of WBC 
and EBC. 
73 
(c) to determine whether the author could determine IIDC and EBC 
with sufficient accuracy to obtain results compatible with those 
given in the literature (see Thorn 1948; Best 1952 1 1953; 
Acland 1 1956; Diem, 1962; and others). 
(d) to use overt indicants of systemic stress to determine Whether 
stress effects were observed between conditions. The overt 
indicants chosen were visual-postural change 1 retinal colour 
reflex, and accommodation response. 
(e) to give the author practice in making determinations of the 
retinal colour reflex and accommodation response. 
(f) to determine whether the author could take retinal colour reflex· 
and accommodation response readings sufficiently well to obtain 
results compatible with those in the literature (Getman 1 1960; 
Sto1pher 1 1971;, and others). 
(g) to devise still photographic measuring techniques to record 
visual-postural behaviour, which might be related to systemic 
stress induced by certain of the experimental conditions. 
(h) to determine which techniques said to measure systemic stress 
were most desirable in terms of convenience, sensitivity and 
accuracy. 
The primary objective of the first experiment was not to conduct a 
rigorous experiment to determine whether certain conditions were more 
stressful than others, but to gain a working knowledge of stress 
measurement and related techniques. 
There were three experimental conditions, referred to subsequently as 
"the norm day'', "examination day 1" and "exa1nination day 2". The norm 
day was May 23rd, the two examination days were June 2nd and 6th 
respectively. On the norm day, the subjects, who were students, were 
engaged in non-sedentary-activities. 
Because the examination situations were posturally constraining, it was 
expected that systemic stress responses might be shown in them compared 
with the norm day, when the subjects were free to engage in non-
posturally constrained activities,. even though, in respect of the 
latter, no great experimental control was exercised. 
Fifteen student volunteers from the Department of Ergono~ics and 
Cybernetics served as subjects. Ten were males and five were females. 
It was arranged for these subjects to participate as a group in the 
experiment on two days, between 1400-1700 hours, while they were 
involved in two of their end-of-terra examinations. On both dates, 
subjects wrote their examinations on the same seat-table configuration 
in the University Assembly Hall. Relevant characteristics and dimen-
sions of the seats and tables are given in Table· 1, p. 76: They are 
photographically illustrated in Fig. 7 , p. 78. Prior to the first 
examination day, WBC and EBC (per cu.mm. of peripheral blood) were 
measured on the "norm" or control day at 1330 and 1730. Similar 
measures were taken before and after each of the two three-hour examina-
tions, at 1330 and 1730. The precise blood. specimen taking technique, 
count and calculation procedure used are described fully in Appendix 1, 
p. 399. The equipment and materials used to carry out the blood speci-
men, count and analysis procedures are given in Appendix 2, ~405 and Fig.8. 
Just prior to and after, respectively, the taking of the blood specimen 
at 1330 and 1730, retinal accommodation and retinal colour reflex 
(fundus) response readings were recorded for each subject on all three 
days. 
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The accommodation and colour reflex measures were taken with each 
subject situated at the same seat-table configuration as used in the 
two examinations. Observations through the retinoscope (see Appendix 
2, 5.8, p.405) were made with the aid of a qualified optometrist, and 
followed a standard technique (Stolpher, 1971). Each subject was 
asked to read as the investigator observed the retinal and accommoda-
tion reflex, through a hole, from beneath the table. In this position 
the retinoscope was held at approximately 102 cm (40 in.) from the 
subject's right eye. 
TABLE 1 
Experiments 1 and 2. The seat and table configuration used. 
1. This seat-table configuration is similar to many, static-
multipurpose seat-table situations commonly found in British 
educational institutions. 
1.1 Table or Work Surface 
1.11 Made of natural plywood, with a dark, clear gloss finish. 
1.12 Surface size 60.96 cm x 106.68 cm x 1.27 cm (24 in. x 42 in. 
x • 5 in.). 
1.13 Surface height 72.39 cm. (28.5 in.). 
1.2 Seat Pan 
1.21 Pan size 45.72 cm x 32.38 cm x 1.9 cm (18 in. x 12.75 in. x · 
.75 in.), (width x depth x thickness). 
1.22 Cushioning .635 cm. (.25 in. foam). 
1.23 Black vinyl covering. 
1.24 A zero degree pan slope from front to back. 
1.25 No front edge curve 
1.26 Pan surface is concavely "dished"in the frontal plane. 
1. 3 Seat Back 
1.31 Angle is 90 degrees to the seat pan. 
1.32 Bottom edge height is 11.43 cm. (4.5 in. from seat pan). 
1.33 Top edge height is 21.59 cm. (8.5 in. from seat pan). 
1.34 Height of seat back is 10.16 cm. (4 in.). 
1.35 Width is 45.72 cm. (18 in.) across the outside edges. 
1.36 Horizontally curved with a radius of approximately 50.8 cm. 
( 20 in.) 
1.37 Non-cushioned. 
1.38 Seat back not convexly curved in the vertical plane. 
1.39 Seat back distance (horizontally) from the front edge of the 
seat pan is 40.64 cm. (16 in.). 
On examination days the subjects carried out their reading-writing, 
i.e., visually centred near-vision, task. The seat-table configura-
tion on which they worked was located in such a way that they could be 
photographed using a still camera and the subject's visual and postural 
behaviour recorded. 
On examination day 1 1 a total of thirty-six still photographs, eighteen 
in the frontal plane, and eighteen in the sagittal plane, were taken. 
Photographs were taken every ten minutes, with approximate synchrony 
between photographs in the frontal and sagittal plane. The two 
cameras were slightly elevated and located so that the group of fifteen 
subjects were in the centre of view. The arrangement of the cameras 
in relation to the tables at which subjects sat was determined prior to 
the first examination. After subjects had completed their examination, 
a calibration photograph from each plane was taken, with a 2 cm marked 
vertical scale, centred on top of each subject's table, (see Fig. 9 p. 80 ) • 
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FIGURE 9. 
Experiment 1. Photographs are examples from a series of thirty- six , 
eighteen from each location, which were taken during " examination day 1". 
This series was used to analyze quantitatively changes in visual- postural 
behaviour . Vertical scales were used to do this. 
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FIGUREll. 
Experiment 1. Photographs are examples from a series of thirty- six 7 
eighteen from each location which were taken during "examination day 2". 
The series of photographs was used to make observational impressions of 
each subject ' s visual- postural behaviour . 
A TOP- SIDE VIEW 
A TOP- BEHIND VIEW 
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(b) 1: 10 and 1: 20 dilution \oJhite 
cell blood pipette . See blood 
specimen/procedure , points 1 . 3 
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Transparencies were made from these calibration photographs . For 
a particular subject in a particular plane the appropriate transpa-
rency was projected on to A4 gri d paper . The projector position was 
adjusted until the projected centimeter marker in the transparency 
corresponded with the grid pattern on the piece of paper . The cali-
bration transparency was then removed and the eighteen transparencies 
relating to the subject and plane under investigation run through in 
sequence . The posture of the subject under investigation was then 
dra1Nn to scale on the A4 grid paper, in the form of an outline of his 
body. 
Furthermore , in the sagittal plane , the subject ' s interpupillary notch 
was marked and a projection at r i ght angles to the subject ' s face-
plane made on to the surface of the writ ing table. In the frontal 
plane the pupils of the eyes were joined by a line which was bisected 
at its mid-point in the bridge of the subject ' s nose . 
line. was also drawn through the mid-point . 
In the sagittal plane it was thus possible to measure : -
A horizontal 
(a) the horizontal and vertical range of movement of the head , over 
three hours 1 as indicated by the movement of the interpupillary 
notch . 
(b) the average length , over three hours , of the line of sight (i . e . 
focal distance) from the interpupillary notch to the work 
surface . The line of sight was projected at right angles to 
the plane of the face . No declination of the eyes in the head 
was allowed for . 
(c) the aver age angle , over three hours 1 formed by the line of sight 
a nd the horizontal work surface . 
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In the frontal plane it was possible to measure : 
(a) the horizontal range of movement of the head , over three hours , 
as indicated by the movement of the mid- point of the eyes . 
(b) average visual asymmetry of the eyes , over three hours , as 
indicated by the angle formed between the line joining the 
pupils and the horizontal line through the mid- point of the 
eyes . 
An illustrative sequence of drawings for subject 76 , i n both the 
sagittal and frontal plane , coveri ng the first hour on examination 1 
is shown in Fig. 10, p . 83 . 
On the second examination day, the two cameras were located differ-
ently (see Fig. 11 , p . 84) , and it was not possible to measure 
behavioural changes in a quantitative manner . General observational 
impressions of subjects ' visual-postural behaviour were made . 
3. 2. 1 Results of Experiment 1 
Raw dat a relating to W:SC for Experiment 1 are given in Table 2 , p . 85·. 
The data were subjected to an analysis of variance whi ch is given in 
Table 3 , p . 86. Neither subjects , days nor times , separately, or in 
combination, exerted a significant effect (at the 5 per cent level) 
upon W:SC . 
Insofar as WBC may be taken as a measure of systemic stress , no 
differential stress effects \'lere observed between examination days 1 
and 2 on the one hand, and the norm day on the other; i.e . it may 
be a rgued that the s eat-tabl e configuration occasioned no systemic 
st ress . 
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FIGURE 10 . 
Experiment 1 . Dra\·Tings to scale of a sequence of six pho·tographs , each 
ten minutes apart , are an example (subject 76) of hO\-. the visual- postural 
measures vJere determined for each subject in examination 1 , vJhile they 
carried out a reading-v~iting task . 
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Experiment 1. Mean WBC per cu .mm . of peri pheral blood, taken from fifteen subjects on three days and at 
two different times . The mean values were derived from 3 counts . Also given in the Table is the per-
centage of change in WBC count between 1330 and 1730 for each day, for each subject. Female subjects are 
bracketed . 
NORM DAY 
1330 1730 %CHANGE 
~ 70 6880 4400 
~ 71 5100 12600 
8 7 2 5000 5900 
~ 73 6100 7100 
~ 74 4800 8063 
H 76 7400 6600 
~ 78 5269 8700 
!2! ( 79) 5600 1 2400 
~ 81 4700 5600 
g (83) 6300 11700 
~ (84) 9400 6000 
85 8600 11900 
(86) 6700 9300 
87 4000 7800 
( 88\ 8400 saoo 
AVERAGE 4000 4400 
RANGE to 9400 to 12600 
TOTAL 
MEAN 6278 8258 
- 36 
+147 
+ 18 
+ 16 
+ 68 
- 11 
+ 65 
+121 
+ 19 
+ 86 
- 36 
+ 38 
+ 39 
+ 95 
- 31 
- 36 to 
+147 
+ 40 
EXAM DAY 1 
1330 1730 %CHANGE 
16200 7800 
7100 7900 
7400 9800 
7200 8300 
6300 8250 
7700 10750 
5200 6800 
7200 9800 
6500 6400 
7200 7400 
10100 6100 
7200 5000 
11200 10100 
5300 5300 
6400 6100 
5300 5300 
to 16200 to 10750 
7880 7787 
- 52 
+11 
+ 32 
+ 15 
+ 31 
+ 40 
+ 31 
+ 36 
- 2 
+ 3 
- 40 
- 31 
- 10 
- 1 
- 5 
- 52 to 
+ 40 
+ 4 
EXAM DAY 2 
1330 1730 % CHANGE 
5500 
8900 
7100 
5100 
5200 
5300 
5600 
9200 
5600 
6600 
5800 
6500 
6900 
4700 
7400 
4700 
to 8900 
6360 
5200 
6400 
7500 
7100 
7300 
6500 
5000 
6100 
5000 
7100 
8900 
5900 
7400 
3400 
8100 
3400 
to 8900 
- 6 
- 28 
+ 6 
+ 39 
+ 40 
+ 23 
- 11 
- 34 
- 11 
+ 8 
+ 53 
- 9 
+ 7 
- 28 
+ 10 
- 34 to 
+ 53 
+ 4 
TABLE 3 
Experiment 1. Analysis of variance comparing the effects of days 
( the norm day and two examinat i on days) and t i mes of measurement , 
upon WJ3C . 
Source DF ss MS Variance Ratio Signi-Against (a) ficance 
Subjects (s) 14 80876187 5776870 . 5 .071 NS 
Days (D) 2 29503983 14751991 . 5 1 . 104 NS 
Time (T) 1 9205002 9205002.0 1.000 NS 
S x D 28 15114743 539812. 3 .036 NS 
s X T 14 54651048 3903646. 3 .071 NS 
D X T 2 20453119 10226559. 5 . 500 NS 
S x DxT 28 373987797 13356707 .o (a ) 
Total 89 583791879 
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Raw data for EBC for Experiment 1 are given in Table 4 , p . 88 . These 
data were subjected to an analysis of variance , the results of which 
are given i n Table 5, p . 89 . Two factors \vere significant , days and 
time (at the 1 per cent level) . Mean EBC for each day and associated 
standard errors are given in Table 6 , p. 89 . 
The EBC means are compared by " t " test in Table 7 , p . 89 . Significant 
differences are obtained between all days . EBC on both examination 
days are lower than on the norm days . Furthermore , EBC are higher 
on the second examination day than on the first . 
Further analysis in respect of the effect of days on EBC v1ere under-
taken. For each subject the difference v1as calculated between the 
percentage of change obtained on examination day 1 and the norm day. 
Over all subjects , mean percentage of change difference was - 26 per cent 
(see Table 8 , p .90 ) . A similar procedure was used to calculate 
differences between examination day 2 and the norm day. In this case , 
a mean, i . e . difference of - 54 per cent vias obtained (see Table 8 , p .90 ) • 
Table 9, p . 91 shows mean EBC for 1330 and 1130 and associated standard 
errors. The means are compared by " t " test in Table 10 , p .9l. 
There is a significant difference between the means (at the 1 per cent 
l evel) . The mean EBC at 1330 is much greater than that at 1730. 
No detailed statistical analyses \•Tere undertaken in results obtained on 
retinal colour reflex responses , or on accommodative responses for 
reasons gi ven in the Discussion of Experiment 1 . In both cases , how-
ever , the form of the data clearly indicated that the changes which took 
pl ace between 1330 and 1730 were essentially the same on all three days . 
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Experiment 1. Me an EBC per cu. mm . of peripheral blood, taken from fifteen subjects on three days 
and at two different t imes . The mean values were derived from three counts . Also given in the 
Table is the percentage of change in EBC count between 1330 and 1730 on each day for each sub ject . 
Female subjects are bracketed. 
NORM DAY EXAM DAY 1 EXAM DAY 2 
1330 1730 % CHANGE 1330 1730 % CHANGE 1330 1730 % CHANGE 
70 397 399 + 1 1200 76 - 94 201 21 - 90 
~ 71 799 899 + 13 375 524 + 40 1300 441 - 66 72 600 501 - 17 275 360 + 31 398 319 - 20 ~ 
0 73 698 302 - 57 63 59 - 6 300 19 - 94 1-3 
C/1 74 588 707 + 20 198 97 - 51 99 20 - 80 
ti3 76 700 596 - 15 397 119 - 70 40 38 5 0 -H ~ 78 394 665 + 69 81 96 + 19 218 78 - 64 t<j z 
I (79) 801 499 - 38 79 60 - 24 836 99 - 88 81 497 484 - 3 60 198 +230 630 40 - 94 t=J 
::u (83) 1470 745 - 49 288 0 - lOO 297 21 4 - 28 
(84) 694 794 + 14 378 101 - 73 374 1150 +207 
85 899 794 - 12 397 99 - 75 370 40 - 89 
(86) 992 699 - 30 45 19 - 58 1383 549 - 60 
87 198 498 +151 300 40 - 87 89 20 - 78 
(88) 524 600 + 15 138 101 - 27 864 0 - 100 
RANGE 198 302 - 57 45 0 - 100 40 0 - 100 to to to to to to to to to 
1470 899 +151 1200 524 +230 1383 1150 +207 
MEAN 683 612 + 4 285 130 - 23 493 203 - 50 
- - -- - ---------------- -
TABLE 5 
Experiment 1. Analysis of variance comparing the effects of days 
(including the norm day and two examination days) and times of 
measurement upon EBC . 
Variance Ratio Signifi-
Source DF ss MS Against (a) cance 
Subject(s) 
Days (D) 
Time (T) 
S x D 
S X T 
DxT 
SxDxT 
Total 
TABLE 6 
14 
2 
1 
28 
14 
2 
28 
89 
1806410 . 63 
2754186 . 03 
792422. 50 
2840615 . 30 
578102 . 67 
145596.20 
2141549 . 13 
11058882. 46 
129029. 33 1. 687 NS 
1377093 . 02 18. 010 ** 
792422 . 50 10 . 360 ** 
101450 . 55 1. 326 NS 
41293 . 05 • 539 NS 
72798 . 10 -952 NS 
76483 . 90 (a) 
Experiment 1. Mean and associated standard error (SE) of eosinophil 
blood cell counts , per cu . mm of peripheral blood, on different days . 
-Dates X SE 
May 23rd ( pre exam , norm day) 669 50 . 49 
June 2nd (exam day one) 219 50. 49 
June 6th (exam day two) 380 50 .49 
TABLE 7 
Experiment 1. Comparison by " t " test of means obtained on different 
days for EBC • 
SE of 2- tail Means compared difference difference " t" DF si~ificance 
May 23 - June 2 + 450 71 -41 +6. 301 28 ** 
May 23- June 6 + 279 " + 3. 907 11 ** 
June 2 - June 6 161 11 - 2. 254 11 * 
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TAnLE 8 
Experiment 1. The EBC per cu . mm of peripheral blood percentage 
of change difference from the norm day response between 1330 and 1730 
is given for fifteen subjects on two different examination days . 
Between 1400 and 1700 on each examination day, the subjects \-Jere 
engaged in a reading- writing task while using a static , seat- table 
configuration. The female subjects are b racket ed. 
Subject Per cent of change difference 
Blood Specimen examination examination 
No . day 1 day 2 
70 95 - 91 
71 + 27 - 79 
72 + 48 3 
73 + 51 - 37 
74 - 71 - 100 
76 - 55 + 10 
78 - 50 - 133 
( 79) + 14 - 50 
81 +233 - 91 
(83) - 51 + 21 
(84) - 87 +1 93 
85 - 63 - 77 
(86) - 28 - 30 
87 - 238 - 229 
(88) - 42 -11 5 
238 to 229 to 
range 
+ 233 + 193 
mean - 26 - 54 
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TABLE 9 
Experiment 1 • l•tean and associ at ed standard error (SE) of EBC 
per cu . mm of peripheral blood , at different times . 
Times 
1330 
1730 
TABLE 10 
Experiment 1 • 
-X 
525 
320 
SE 
41 . 23 
41 . 23 
Comparison by " t " t est of means obtained at 
different times , for the absolute values of EBC . 
Means Compared Difference 
1330- 1730 + 205 
SE of 
Difference 
58 . 3 
11 t 11 DF 
+ 3. 516 28 
2-tail 
Significance 
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Data relating to visual and postural behaviour deri ved from photo-
graphic records t aken on examination day 1 are shown in Table 11, p . 93. 
In the saggital pla ne it was only possible to measure range of hori-
zontal movement on nine sub jects. A mean value of 16 .9 cm >-1as 
obtained. The range was from 8 cm to 26 . 5 cm. In the same plane it 
was possibl e to measure range of vertical movement on el even subjects . 
A mean of 12. 2 cm was obtained , with a range of values bet~veen 8 cm to 
17 cm. Thus in the sagittal plane horizontal movement was substanti-
ally greater than vertical movement . 
In the sagittal pl ane the average length of the line of sight (focal 
distance) was 37.1 cm on the eleven subjects on which this measurement 
was possible . Average l ength of line of sight varied bet\veen 22 cm 
and 44.5 cm . The ave r age angle formed by the line of sight and the 
horizontal surf ace of t abl e was 54.3 degrees . The range was between 
43 degrees and 71 degrees . Angular measurements were only possible on 
nine subjects . 
In the frontal plane the horizontal r ange of movement f or nine subjects 
was on average 13 . 3 cm . The scope of the r ange was from 4 cm to 18. 5 
cm , visual as~mnetry was found on average to be 27 . 8 degrees , with a 
r ange from 13 degrees t o 36 degrees . 
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. ( 83) 
( 84) 
85 
(8G) 
87 
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RANGE 
MEAN 
subject 
height 
( err:) 
27 .6 
21 .9 
29.1 
26 . 2 
26 . 6 
27 . 2 
28 .0 
23 . 6 
27 . 2 
25 . 9 
26 . 4 
25 . 9 
?/1 . 0 
28 . 7 
25 . 0 
23 . 6 
to 
29 .1 
26 . 6 
sagi tta1 plane sagittal plane 
horizontal ver tical 
movement (cm) movement (cm) 
16.0 14. 0 
15.0 16. 5 
26 . 5 12.0 
23 .0 11.7 
16.0 11.0 
8 .0 11.5 
-)(· 13. 0 
16.0 8. 0 
18 .0 10 . 5 
·)(-
* 
-)(- 17 .o 
13 . 5 9 · 5 
·ll- ·X· 
-)(· 
* 
* * 
&.o 8.0 
to to 
26 . 5 17.0 
16. 9 12. 2 
focal angle of frontal plane frontal plane 
length of vision horizontal visual asym-
vision (cm) ( deg. ) movement (cm) metry ( deg. ) 
30 . 5 53 .0 14. 5 36 .0 
24 . 5 71.0 14.0 13 .0 
44.0 46 .0 13 . 5 20 .0 
35 . 5 61.0 16 . 5 34 . 5 
44 .5 46 .0 11.5 28 .0 
27 . 5 59 .0 15. 5 35. 0 
22 .0 * 4.0 18 . 5 
44 .0 43 .0 18 . 5 38 .0 
33 .0 52.0 * * 
·X· 
* 
-)(-
-l<· 
23 . 2 * 12.0 27 . 5 
28 . 5 58 .0 ·X- ·ll-
·X· ·11- ·)I-
* 
* * * 
-)(-
-x-
* * * 
22.0 43 . 0 4. 0 13.0 
to to to to 
44 . 5 71.0 18. 5 36.0 
37 .1 54. 3 13. 3 27 . 8 
3. 2. 2 Discussion of Results Obta ined in Experiment 1 
The r esults obtained on WBC wer e encouraging in one sense , but disap-
pointing in another . On the encouraging side it was found that t he 
overall mean WBC ~Tas 7,170 per cu. mm of peripheral blood. Typical 
means for heal thy, young adults , such as the subjects used in 
Experiment 1, a re said to range beti-Jeen 5,000 and 10 ,000 (Di em , 1962; 
and others) . It is t empting to conclude that the present author's 
measuring technique for determining \{BC was satisfactory in the sense 
that comparable values were obtained to those given in the l iterature . 
A further encouraging feature of the WBC data was that , on average , the 
percentage of change between 1330 and 1730 was positive on all days 
+ 40 per cent for the norm day , + 4 per cent for both examinations days . 
This result , i . e . , that WBC rises in the course of the afternoon as 
a diurnal rhythm effect , i s in accord with r esults given in the 
literatur e (see , f or example , Thorn, 1948 ; Acland, 1956; Diem , 1962; 
Oser, 1965; and other s ) . 
On the disappointing s ide , t~JO points may be mentioned. First , 
although overall mean WBC was wi thin the expected range , ther e was wide 
variation about the mean in terms of particular subjects , at particular 
times on particular days . Some WBC were outs i de the expected range of 
5,000 to 10 ,000 . Reference to Table 2, p . 85 , shows that of 90 means , 
each based on three determinations (see Appendix 1, p . 399) , 15 fall 
outside the expected r ange . A number of reasons may be advanced for 
this , and one strong possibility was the author ' s inexperience in pro-
cedures i nvolving blood counts . One aspect of this which \vas unsatis-
factory , was the fact that the author incorporated an inordinate amount 
of rulea and debris , in several of the specimens . 
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A second slightly disappointing feature of the clata r elating to WBC 
\vas the failure to demonstrate differential effects between the norm 
and examination days in terms of a substantial and significant drop 
betv1een 1330 and l/30 . On examination days 1 and 2 \'IBC did not rise 
between 1330 and 1/30 nearly as much as it did on the norm day. If 
WBC is a good measure of systemic stress , and , if systemic stress was 
induced on the examination days due to postural constraint , then it 
would have been expected that WBC at 1/30 on the examination days were 
substantially below those at 1330 , as compared with the norm day. The 
fact that this result was not obtained leads to the conclusion that 
either WBC is not a good or sensitive indicator of systemic stress , or 
that systemi c stress was not induced on the examination days , or bpth . 
It will be recalled , however, that the degree of control that was 
experimentally possible on the norm day, in terms of subjects ' activity, 
was minimal • Thus , comparatively speaking , perhaps it is fair to 
suppose that if activities were constrained on that day, differential 
effects would not be substantial on 'the examination days . Nevertheless , 
the results on examination days 1 and 2 were tending to go in the 
direction of indicating systemic stress effects . Furthermore , one 
possibility can be definitely discounted . Had the examination si tua-
tion induced very strong psychological stress effects , then it would 
have been expected that vTBC would have risen significantly betl-leen 1330 
and 1(30 on the examination days , as compared \-rith the norm day. · This 
did not occur , as has already been indicated . 
Results for the EBC , like those for WBC , had their encouraging and 
disappointing aspects . The mean EBC was 401 . This falls within the 
expected range for normal , heal thy a du1 ts. In the 1 i terature (Diem , 
1962 , a.nd others) , the r ange i s generally given as 40 t o 500 per cu. mm 
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of peripheral blood. Reference to Table 4, p. 88 , shows , ho\'1ever , 
that 29 means (each based on three determinations) fall outside the 
expected range . All deviant values are above 500 . No deviant 
values \'lere obtained below 40 . The reasons for these high aberr ant 
values ar e probably the same as those advanced in the case of WBC , viz , 
the presence of debris in many specimens . 
On the norm day the percentage change between 1330 and 1730 v1as + 4 per 
cent , i . e ., the EBC was higher at 1730 than at 1330 . This is in 
agreement i n direction , though not quite in magnitude , with data quoted 
in the literature (Oser , 1965, and others) . 
A very heartening and encour aging feature of the EBC data related to 
differential effects between the norm day and the two experimental days . 
If EBC is a good indicator of systemic stress , and i f also the examina-
tion conditions induced systemic stress , then it would be expected that 
on the examination days there would be a substantial drop in EBC between 
1330 and 1730 , as compared vli th the norm day. This result was indeed 
qbtained. The percentage of change differenc~ betv1een 1330 and 1 730 
on examination day 1 , compared tri th t he norm day was - 26 per cent . 
The corresponding result , i . e ., f or examination day 2 was - 54 per cent . 
In the literature (see Thorn, 1948; Best , 1952; Hill , 1956; Di em , 
1962; and Hortling, 1964) , it is held that evidence of systemic str ess 
is substantial vben such comparative percentage changes fall below - 40 
per cent . If the dat a presented in Table 8 are examined, it will b e 
seen that , not only is there a fall below - 40 per cent , on average , on 
exami nation day 2 , but that 10 subjects on day 1 , and 9 on day 2, fell 
below this value . Thus , there is substanti al evidence of systemic 
stress occurring on the two examination days . This r esult seems to 
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indicate , therefore , that systemic stress did occur and that the WBC 
values reinforced this conclusion, as a less sensitive systemic stress 
indicant . 
It has already been indicated, in the Results Section, that no detailed 
statistical analyses Here undertaken on data relating to subjects ' 
retinal colour refl ex responses taken just prior to 1330 , and just 
after 1730 on all three days . The literature indicates (Diem , 1962) 
that the retina of the eye has t he highest oxygen tissue demand of any 
system in the body. Thus , while the retina becomes "dull" under 
systemic stress , it can very rapidly recover its overall br ightness , 
as seen through a r etinoscope , though marginal alterations may occur 
in systemic stress . Thus , the technique is best used t o monitor con-
tinuously stress effects as they occur , and is ill- adapted to applica-
tion some time before and after the imposition of expected stress con-
ditions . Thus , in the present experiment , ideally, subjects should 
have been studi.ed by retinoscope through the examination sessions , as 
well as through the norm day. This v1as possible in respect of the 
latter , but not the former. Consequently, no real test v1as made of 
retinoscope , i . e ., procedures as an indicator of stress . 
Similar considerations apply to the measurement of the subjects ' accom-
modation r efl ex. It is interesting to note in passing that in the 
case of only one subject was accommodation neutral . This subject's 
point of focus was , correctly, on the work surface . All other sub-
jects , on both examination days , had an " against" accommodation r eflex , 
which resulted in " overfocusing" , that is to say, their eyes were 
focussed at a point beneath the work surface . 
As the results indicate (Table 11 , p . 93 ) the subjec·ts ' visual 
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behaviour in Experiment 1 (examination day 1) ·was very poor in compari-
son ~nth the optimal r ecommendations of Harmon (1949 , 1958) , Stolpher 
(1971) and others . According to ·them, a two- dimensional near- visual 
task requires : (a) a focal distance between 35 .5 to 45 .7 cm , (b) an 
angle of vision between 70 and 110 degrees , and ( c) visual asymmetry 
bet ween 0 and 5 degrees . Only "!;he mean focal distance 1 which was 37. 1 
cm , for the subjects on examination day 1, fell \vi thin the above recom-
mendations . Both the amount of visual asymmetry and angle of vision 
maintained on average by the subjects were far above and below , respec-
tively, recommended values . The precise r easons \vhy focal distance 
fell within acceptable 1 imits , but not the other two measures , is 
unknown at this time . However , it is suspected that the ordering of 
these visual responses may indicate the innate importance which the 
human body attaches to these aspects of a visual task , as it reflexly 
aligns itself in relation to visual task demands . 
The visual r esults obtained confirm the previous f i ndings of Harmon 
(1949 and 1958) as to how one can expect subjects to r espond visually , 
and thus posturally, when having to read ·off of a flat work surface . 
The flat work surface used in the examination, as typically found in 
many other woxk situations , seems to have constrained the subjects ' 
freedom of visual orientation. Such constraint may have caused a ten-
dency which the author noted in which the subjects ' amount of visual 
asymmetry t ended to increase as their focal distance shortened (became 
poorer) while , at the same time , their angle of vision proportionately 
diminished (became poorer) . A .strong tendency for the opposite of 
this was found to occur in tall er subjects . Thus the reflex attempt 
by the subject to improve one aspect of his or her visual orientation 
tended to r esul t in the diminishing of the others . These tendencies 
98 
were based on a non- statistical examination of the data , but seemed to 
be sufficiently strong to merit further examination in later experiments . 
As the postural behaviour results indicate (Table 11 1 p . 93) , the 
subjects ' postural behaviour in Experiment 1 (examination day 1) tvas 
consistent between subjects . There was a 14 . 1 cm mean amount of 
postural movement exhibited by subjects in the frontal and sagittal 
planes of space , during the three hour task period. On average , the 
least to most amount of postural movement on examination day 1 occurred 
in the sagittal vertical plane (12. 2 cm) , the frontal horizontal plane 
(13 .3 cm) , and then in the sagittal horizontal plane (16.9 cm) . 
Ove.rall , no strong relation seemed to exist bet\-.reen amounts of postural 
movement in the same or different planes , i . e ., for a given subject . 
It was not possible , for example , to predict horizontal movement in the 
frontal plane from that obtained in the sagittal plane . Several 
impressions of postural behaviour were gained during the analysis of 
the exami nation day 1 photographs . There ttas no indication that sub-
jects who did , or did not , use their seat backs or crossed their legs , 
had more or less of an EBC stress response . There t·ias a tendency for 
those who wriggled more to cross their legs frequently and for long 
periods of time . These same subjects tended to use their seat backs 
less often, than other subjects . Many subjects tended to r espond to 
doing a reading and writing task , as presented in Experiment 1, in a 
habitual manner . For example , five of the fifteen subjects on 
examination day 2 crossed their l egs from the onset of their task . 
Subjects who displayed severe amounts of visual asymmetry also tended 
to suspend their vision , usually in the left eye . Such visual 
behaviour was typically associated with head tilting to the left so 
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that the right eye was nearer to t he task . Sub jects also tt-Iisted 
their necks and trunks in a compensatory fashion. Such tt-Jisted pos-
tural behaviour \vas found in sub jects t-.rhose seat ended up at the end 
of the examinat ion by being displ aced on the floor , out of its original 
position . 
Other postural observations made during Experim~nt 1 include: 
( a) a tendency for the subjects ' ankles to be crossed \men t heir 
lower legs \·Jere thrust back or forward, 
(b) a tendency for each subject to maintain a consistent sedentary 
behaviour through time , 
(c) the more a subject t ended to lean forward , the more his lower 
1 egs tended to thrust back , 
(d) many subjects fixed themselves into asJ~etric visual positions , 
\illile the rest of their body (low legs to trunk) tended to shift 
about continually , 
0e) asymmetric vision tended to l ead to weight bearing on the subjects ' 
forearms and elbows , and 
(f) subjects with very stationary pos tural behaviours seemad to give 
more of a reflex priority to the visual demands of the task , rather 
than to its biomechanic demands . 
Most subjects adapted visually and posturally in three observable ways . 
First (1) there were those subjects who maintained severe visual mis-
alignment to their t ask , whi ch in turn induced compensatory neck and 
shoulder asymmetry. Second ( 2) , there ,.,.ere subjects ,.,.ho maintained 
severe trunk and lov1er extremity misal i grunent and t wisted body postures . 
Thirdly ( 3) , there \verc those sub jects v1ho exhibited visual-postural 
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behaviour which was not as severe or as extensive as that shovm by 
subjects in categories 1 and 2. It is the author ' s impression that: 
(1) occurred at the expense of the subjects ' visual mechanisms , while 
the integrity of their biomechanic structures 1·1as preserved. 
( 2) occurred at the expense of the subjects ' biomechanic s tructure , 
while the integrity of their visual mechanisms Hera preserved, and 
(3) probably occurred most frequently , since according to the relevant 
literature , the body attempts to balance out the strain on its 
mechanisms and thus increases its overall efficiency potential , 
vlhile it puts off a build up towards its threshold of adverse stress . 
All of the subjects involved in Experiment 1 seemed to maintain one of 
these three basic visual- postural behaviour r esponse patterns . The 
variation which individuals exhibited behveen these three basic 
patterns , was probably influenced by subjects ' particular body t ype , 
motivation, past life style , personality, and so on. 
These tendencies were based on a non-statis tical examination of the data , 
but nevertheless seemed to be sufficiently strong to merit further 
examination in later experiments , particularly '-'Ii th regard to the 
possible interrelation between amount of b iomechanic tension imposed 
during sedentary activity, amount of movement , and eventual systemic 
response . 
In summary, it can be stated that the original aims of Experiment 1 
were met . The author was able to practise and use the blood measure-
ment techniques for ~ffiC and EBC determinations . Determinations made 
1vere largely within the standard ranges cited in the literature . 
Results indicated that an adverse level of syst emic change was probably 
induced in the majority of sub jects vih ile carrying out the sustained 
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sedentary postural activity. 
Experiment 1 gave the author the opportunity to try out three different 
overt indicators of physiological change , as potential supportive 
measures to those involving blood measurements . Retinal colour reflex 
and accommodation response measures , at least in the manner in which 
they were used in the present experiment , were not found to be very 
good indicants of physiological change . Further explorations as to 
their potential for application was felt to be required. Biplanar 
photographic measuring techniques vJere found to be a viable means by 
which to obtain quantitative information on subjects ' visual and pos-
tural behaviour through time . Further exploration on the value of 
this technique was deemed necessary. Overall , it may be said that a 
first hand Harking knowledge with regard to the original aims of 
Experiment 1 was satisfactorily obtained. 
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3. 3 Experiment 2 
Several changes in the investigative method were deemed necessary after 
Experiment 1. These included: 
(a) the utilization and testing of only one subject at a time ; 
(b) elimination of debris occurring in blood specimens so that 
blood cell- count consistency was enhanced; 
(c) the improvement of the visual- postural measurement and reference 
techniques ; 
(d) carrying out the retinoscoping procedures during a task period , 
rather than just before and after , and 
(e) controlling the environmental surrounds of the subject more , 
particularly the lighting. 
The aims of the second preliminary experiment , Experiment 2 , in which 
there vias only one experimental condition, \oJere :-
(a) to give the author further practice in making determinations of 
blood cell counts. In this experiment only EBC were made ; 
(b) to determine whether the author could take EBC with sufficient 
accuracy to obtain results even more compatible vli th those in the 
literature , than those previously obtained ; 
(c) to give the author further practice in making determinations of 
the retinal colour reflex and accommodat ion response , and t o 
determine what advantages accrued by monitoring such responses 
during as well as before and after the subject ' s execution of a 
task , and 
(d) to explore the use and validity of an alternative technique of 
measuring visual- postural behaviour , and to enhance the accuracy 
of t he biplane photographi c technique . 
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The prime objective in Experiment 2 \<~as to refi ne t echniques \-lhich 
might be used i n later experiments concerned with the measurement and 
evaluation of systemic stress . As indicated above , only one experi-
mental condition was employed i n Experiment 2. It i nvolved sub jects 
carrying out a t ask , which as described belo1.v 7 was postural l y constrain-
ing. 
An experimental test enclosure , approximately 6 x 3 x 2.4 metres , \vi th 
neutral grey \vall surfaces (see Appendix 2 , specification 5 . 7 , p . 405 ) , 
\vas specially const ructed. A light- diffuser box, approxi matel y 3 x 1 
x . 3 metres in size , made up of seven fluorescent fixtures a nd three 
diffuser panels , was also constructed (see Appendix 2 , specifications 
5. 4 and 5 . 6 , p .405 ) . The light diffuser box was located 2 .1 metres 
from the floor and above the seat- table configuration area. The 1 ight 
level from this area at a level of 11 . 8 cm (30 i n . ) from the floor was 
adjusted to approximately 650 lux. 
The same seat- table configuration which had been used in Experiment 1 
(see Fig. 7 , p . 78) \-las set up at one end of the test enclosure . At 
the other end, approximately 6 metres from the seat , a "Snell en" eye 
chart was hung. Several editions of Time (Europe) magazine covering 
current events were provided as t he other t ask mat erial . 
Three student volunteers from the Department of Ergonomics and 
Cybernetics served as subjects . None had part i cipated in Experiment 
1 • TviO \vere male , the other was femal e . One subject was experimented 
upon at a time . Each subject participated in the experiment on t\vO 
consecutive days . 
On the firs t day , each subject was present between 1330 and 1730 . The 
experimental t ask , \vhich l asted 3 hours , began a t 1400 . For the firs t 
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and the last hour , i.e . beh1een 1400 and 1500 , and betv~een 1600 and 
1700 , the subject read aloud from a series of preselected articles in 
T~e magazine . This constituted a near visual task . Between 1500 and 
1600 the subject alternated , upon direction by the experimenter , 
between two readi ng tasks . In one , the sub~ect ' s task was as described 
above , i . e . reading aloud from Time magazine . In the other, the 
subject read off letters from the Snellen eye- chart . This constituted 
a far visual task . The subject was seated throughout at the standard 
seat- table configuration (see Table 1 , p .76 ). 
Blood specimens were taken on the first day at 1330 , 1600 1 and 1730 . 
The techniques described in Appendix 1 1 and which were employed in 
Experiment 1 , were repeated, except that only counts of EBC were taken. 
Between 1400 and 1500 , and between 1600 and 1700 , . nine sets of retinal 
colour reflex and accommodation reflex responses were taken. The 
same techniques were used to obtain these measures as were employed in 
Experiment 1 . (A typical data recording sheet relating to these 
measures is shovm as Table 12, p .l06) . 
During the 1 500 to 1600 period of day 1, one of two visual and postural 
measurement techniques was used. For one subject polarized l ight 
transducers were placed near his interpupillary notch , on the side of 
the head , and also over the acromion point . The output from these 
transducers were integrated by an "Opto-Electronic Goniometer", used 
in conjunction with an ultra- violet recorder (see Mitchelson, 1970) . 
Angular changes in the sagittal plane of the head and upper trunk were 
monitored, while the subject alternately carried out the near and far 
visual reading tasks . 
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TABLE 12. 
Experiment 2. The data sheet used to record results obtained on 
retinoscopi ng fo r each subject while he per formed a three hour 
reading task . 
Assembly Hall ) 
Subject: CLARK R. Subject No . RC Treatment : Seat- table )Date: 14. 12. 72 
Retinal Colour Accommodative Time :MEASURE Reflex (Rt . eye) Reflex (Rt . eye ) 
1330 Blood Specimen xxxxxxx xxxx:x 
1400 St art Test Task 
1405 Retinoscopi ng B A 
1415 11 B A 
1430 11 DR - Gr ay A 
1445 11 DR - Gray A 
60 min. lapse during which a new visual- postural measure 
1545 Ret i noscoping DR - Gray " 
1600 Blood Specimen xx:xxxx xxxx:x 
1615 Retinoscoping B N 
1630 
" 
B A 
1645 " DR - gray w 
1655 " DR - gray li 
1700 End Test Task 
1730 Blood Specimen xxxxxxx xxxx:x 
KEY: ( see ref . Getman 1960 , and Stolpher 1971 ) 
Retinal Colour (Fundus) Reflex 
VB Very Bright or Brill iant ( reddish- orange to pink) 
B = Bright (bright red) 
DR = Dark Red (brick red or r ed- blue) 
DU = Dull (dull - very deep red or grey) 
Accommodation Reflex of the Lens of the Eye 
N Neutral accommodative reflex 
\~ = With accommodative reflex (negative focusing) 
A = Against accommodat i ve reflex ( positive f ocusi ng) 
was explored) 
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For the other two subjects visual and postural behaviour taking place 
bet\'Ieen 1500 and 1600 was monitored by a specially designed camera set 
up which recorded simultaneously movement in the sagittal and frontal 
planes . This equipment \·las also used in the main experiment , 
Experiment 4, and is described fully later on. 
The second experimental day \'Jas a norm day. All three sub .~ ects pre-
sented themselves at 1330 , 1600 and 1730 for blood specimen collection. 
No special controls were imposed on the norm days , other than asking 
subjects to refrain from any sustained sedentary activity during the 
period from 1200 to 1730 . 
I 
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3. 3. 1 Results of Experiment 2 
The raw data relating to EBC are given in Table 13 , p . l09 . These data 
were not subjected to elaborate statistical analyses for reasons given 
in the Discussion. 
The EBC for all subjects ranged between 30 and 110 on the norm day , 
and between 13 and 9 3 on test day 1 . The mean for the norm day \1as 
69 , for the test day, i . e ., day l , 61 . Thus the mean on the test day 
\">~as slightly lo,•er than on the norm day. 
Between 1330 and 1600 the mean per cent of change in EBC was +16 on 
the norre day, and - 27 on the test day. On average , the subjects 
underwent a +3 per cent change between 1600 and 1730 on the norm day, 
vJhereas on the test day the comparable change v1as +46 per cent . On 
average the subjects underwent a +2 per cent EBC change betv1een 1330 
and 1730 on their norm day. On the test day an average EBC change of 
- 29 per cent was obtained. 
For each subject the difference was calculated between the percentage 
of change obtained on the test day and the norm day. Percentage of 
change differences were calculated for changes between 1330 and 1600 , 
1600 and 1730 , and 1330 and 1730 . Over all the subjects , mean EBC 
percentage of change difference for these time periods were , 
respectively, -42 , +43 and - 31 . 
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Experiment 2. The mean eosinophil blood counts (EBC) per cu . mm . of peripheral blood that v1ere 
taken from three subjects on two dates and at three different times . The mean values were derived 
from 6 counts . Included is the percentage of change in EBC between times , and also each subject ' s 
percentage of change difference from his norm day. The female subject is bracketed . 
EBC EBC EBC Percentage of Change 
TIME 1330 1600 1730 Percentage of Change TIME DIFFERENCE FROM NORM DAY 1330- 1600- 1330- 1330- 1600- 1330-
1600 1730 1730 1600 1730 1730 
NORM en 50 30 - 40 + 63 2 TREAT- en - 36 §V .B . 49 - ~V .B . +121 - 29 
DAY t:;_j(P . G. ) 85 91 66 7 - 27 - 22 IIIENT ~P . G .' + 17 9 2 + TEST - + 0 
8 61 llO 80 + 80 - 27 + 31 DAY 8 - 108 - 66 R. C. R. C. + 17 
MEAN 65 77 65 + 16 + 3 + 2 MEAN - 42 + 43 - 31 
en 
TREAT- ~V .B . 55 13 37 - 76 +184 - 33 
~ENT 
TEST ~P . G . ) 74 92 59 + 24 - 36 - 20 
DAY R.C. 93 67 60 - 28 - 10 - 35 
MEAN 74 57 52 - 27 + 46 - 29 
Figure 12 shows retinal colour reflex and accowmodative relfex 
r esponses obta ined from subjects during the test day. It shows that 
all three subjects under~vent a darkening of retinal colour after 
approximately 45 minutes at the r eading t ask . Figure 12 also reveals 
that subjects tended to focus to a point beneath the surface of the 
t abl e on which they were reading at the beginning of the thr ee hour 
test period. Later , however , tO\·:ards the end of the test period , one 
subject had a neutral focus , one vias ove r- and one was under-focused. 
EBC are also graphically displayed in Figure 12, so that they may be 
compared with both retinoscopic measures . 
No ravl data , with r ega1·d to the subject ' s visual- postural behaviour , 
was collected in Experiment 2. The trial use of the "Opto-Electronic 
Goniometer " , and the el ectronically-fired biplane cameras , made it 
difficult to do so . As will be discussed , the author did , however , 
gain further information on difficulties associated with quantitatively 
measuring visual- postural behavi our. 
3. 3. 2 Discussion of Results Obtained in Exneriment 2 
It was found that the overall mean EBC was 65 per cu. mm of peripheral 
blood. This value is within the standard , 40 to 500 EBC range , which 
one would expect according to Diem (1962) and others . No EBC exceeded 
this range as in Experi ment 1 . But disappointingly, three of the 
eighteen mean values calculated in Experiment 2 vrer e slightly below 40 , 
one on the norm day, and t1-1o on t he test day. Based on the 1 i terature , 
Acland (1956) and others , minor variations outside the normal EBC range 
can be expected. ~nus it is thought , based on the mean consistency of 
EBC values per subject (see Table 13, p.109) , probabl y r esulting from 
diminution of the rulea problem , that the author ' s blood measuring 
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FIGURE 12 . 
Experiment 2 . Through-time accommodation and retinal colour r eflex 
responses , as measured by retinoscopy, and EBC stress response . These 
measures took place while the subject \·Jas performing a three hour 
reading task , using a fl at >-10rk surface and static- sedentary support 
confi guration. (Subject : V.B. = P. G. = and R. C. = 
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technique had improved significantly. Greater care in carrying out 
the blood specimen techniques , as indicated in Appendix 1, p . 399 , 
particularly with regard to pipette and haemocytometer cleaning , were 
thought to be responsible for the alleviation of the previous rulea 
problem. 
No very substantial treatment effect difference between the three 
subjects ' mean norm and test day EBC occurred. The norm day EBC mean 
was 69 , \vhereas the test day EBC mean was 61 . This suggests that no 
strong systemic stress \vas induced in the subjects , though the means 
are in the expected direction. Recalling that only minimal norm day 
control of subjects was exercised this result is encouraging. 
On the norm day the percentage change between 1330 and 1130 was +2 per 
cent , i.e ., the EBC was higher at 1730 than at 1330 . This is in agree-
ment in direction, though not quite in magnitude with data quoted in 
the literature (Oser 1965 , and others) . 
In Experiment 2 , it was found that there was a definite negative per 
cent of change difference between 1330 and 1730 , for tviO subjects . In 
fact , one of the two subjects underwent a - 66 per cent change differ-
ence . This is considered to be a significant systemic stress indica-
t i on (see Diem 1962, and others) . Interestingly, there was , on 
average , a substantial +43 per cent of change difference between 1600 
and 1730, for the test day as compared Hi th the norm day, for the three 
subjects . The precise reason for this is not known. It may be that 
it i s , in part , due to an increased vlBC including EBC response , \-Ihich 
is said to occur along with ant igen- ant ibody or bodily defence action 
(see Literature Review, p .6o ) . 
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There is said to be an association between corticosteroid increase in 
the blood and decrease in EBC . Corticosteroid increase leads EBC 
decrease by between 2 and 4 hours , i . e . there is a substantial response 
lag in the influence of corticosteroids on EBC ( see Best , 1952 ; fhgeon , 
1956 ; Hortling , 1964; and others). This implies that the +43 per 
cent change probably occurred, perhaps in the early stages , first hour , 
of the test period. 
Variance analysis of the EBC da:ta obtained in Experiment 2 \vas not 
carried out , because of the small sample of subjects involved, and 
emphasis on the blood specimen technique development , rather than on 
making a rigorous stress analysis . 
Several positive and negative features emerged from the retinal colour 
r eflex and accommodation reflex response data. in Experiment 2. It 
will be recalled that the retinal colour of subjects changed substan-
tially after about 45 minutes at the task . Retinal colour darkened. 
Such a change , according to Getman (1 960) , Harmon (1965 , and Stolpher 
(1970) , may be due to an adverse alteration in blood chemistry, in 
respect of oxygen- haemoglobin balance . On this basis , all subjects 
began to suffer an adverse sys·temic change after about 45 minutes . 
The through-time accommodation changes of the subjects' right eyes 
indicated that : (a) all three subjects tended to overfocus for a . 
near vision reading t ask at the onset of the treatment test , thus 
suggesting that they had previously developed, habitually poor , visual-
postural behaviour; (b) after approximately two hours at the reading 
task , their accommodation tended to change substantially, suggesting 
that the subjects ' biomechanic orientation changed substantiall y as 
\vell . 
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The results from retinoscopy were encouraging. However , -the retino-
scopic technique , as an indirect measure of systemic change , has its 
difficulties , since: 
(a) differentiation of small colour changes needs to be subjectively 
determined through observation with the retinoscope , 
(b) accuracy depends upon individual subject differences and variables 
such as : pupil size , lenticular edge distortion, and position of 
the observer . 
Al though the retinoscoping technique was found to be a convincing 
measure of the accommodative reflex , its consistency and accuracy in 
measuring the retinal colour reflex , remains doubtful . This doubt was 
shared by a competent optometrist , advising the author. Furthermore , 
retinoscopy was difficult to carry out when having to crouch under the 
flat table on vihi ch the subject carried out the experimental test . 
Al though no visual- postural behaviour data \vas collected for analysis 
s everal interesting features were discovered during the visual- postural 
measure period which took place between 1500 and 1600 in Experiment 2. 
The use of an "Opto- Electronic Goniometer" , which measured body- part 
angular changes , cl early substanti ated the interaction be·bveen vision 
and posture orientat ion when s ubjects were given near and far visual 
tasks . As the visual nature of occular demands of the task changed, 
s o did body posture . 
I nterpretation of angular change, as indicated by this technique compared 
with l i near positional change in body mass , as indicated by the biplane 
photographic technique , is much more difficult . Computer techniques 
f or reducing data from the "Opto- Electronic Goniometer" into a readily 
interpetable form will shortly be available , but could not be used when 
Experiment 2 vias carried out . 
Photographs of the subjects in the sagittal and frontal plane 1-1ere 
made increasingly more accurate , and easiest to analyze , over those 
carried out in Experiment 1 by three means : 
(a) use of an electronic firing system for the cameras ; 
(b) frontal and sagittal plane plumb- lines , tvith vertical background 
lines of reference ; and 
(c) the use of fixed targets on the subject ' s hip joint and acromion 
point . 
These features formed the basis for the precise measure of postural 
adaptation used in Experiments 4. 
In summary, it can be stated that the aims of Experiment 2 1·1ere broadly 
met . The author 1o1as able to improve his use of the blood specimen 
techniques and procedures by reducing the rulea problem, perhaps the 
major source of blood count error in Experiment 1. 
The EBC obtained were within the standard range as cited in the 
literature. The percentage of change bet1·:een 1330 and 1730 on the 
norm day was in the expected direction. Percentage of change difference 
results indicated that an adverse systemic change was probably induced 
in two out of the three subjects during the sustained seden:ary activity. 
These results confirm those obtained in Experiment 1, despite experi-
mental differences , including the fact that in Experiment 2 the norm day 
was after the treatment day. 
Experiment 2 allO\ved ·the author the opportunity to evaluate in depth 
the usefulness and convenience of the accommodation and retinal colour 
reflex responses . The accommodative response was found to be easy to 
determine \vi th the retinoscope . The retinal reflex response measure , 
on the other hand, 1·1as found to present difficul ties , even though there 
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was a tendency for the measure to support the EBC stress indications . 
The retinal colour r eflex measure as presently determined by a conven-
tional retinoscope was considered to be a dubious indirect measure of 
systemic stress . 
was abandoned. 
Because of these and other difficulties , retinoscopy 
The use of the 110pto-Electronic Goniometer" technique as an alternative 
means of measuring visual- postural behaviour was eliminated, because 
the angular change data which it provided was difficult to interpret . 
The biplane photographic technique , when used for testing one subject 
at a time , \vas found to be acceptably accurate . No further explora-
tion of the technique vias deemed necessary. The photographic tech-
niques developed in Experiment 2 were later applied in Experiments 4 • 
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3 . ~ Experiment 3 
Three changes were thought to be necessary after Experiment 2. 
included: 
These 
( a ) the need to identify and validate another measure of systemic 
s·tress in addition to the blood measures already available ; 
(b) the need to be able to determine and control more closely the 
character including form , dimensions , colour, etc., of the 
sedentary support- tvork surface configuration to be used by 
subjects , and 
(c) the need to provide subjects with a more controlled task from 
which results \vould be readily quantifiable . 
The aims of the third preliminary experiment , Experiment 3, in \vhich 
there t-Ias only one experimental condition tested, were:-
(a) to confirm the author' s ability to make accurate blood cell count 
determinations , Hi thin the range established in the literature , 
when using more EBC specimens , 
(b) to give the author practice in making determinations of urinary 
corticosteroid material (17 steroids) , 
(c) to de·termine whether the author could measure urinary 17 steroids 
with sufficient accuracy, to obtain results compatible with those 
given in the literature ; in particular to sho\v an inverse relation 
betl'leen l 7 steroid change and EBC change , 
(d) to determine v1hether the urinary 17 steroid measure vias sensitive 
to the sort of treatment imposed on subjects in Experiments 1 and 2, 
(e) to enhance the author ' s control of the test enclosure ' s conditions , 
while affording him the opportunity to explore various environmental 
moni taring and visual-postural measurements on subjects , and 
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(f) to develop and try out , on an exploratory basis , a new, near 
visioned, sedentary task. 
The prime objective of Experiment 3 was to find a replacement measure 
for those associated with retinoscopy, in particular the retinal colour 
reflex , which had to be abandoned as an indirect , supportive indicant 
of systemic change . 
The experimental test enclosure constructed in Experiment 2 was r efined 
and added to in Experiment 3. The precise detai ls of these refine-
ments and additions are given in Experiment 4, P· l54 . These included 
the provision of: a special matt black flooring, alteration of the 
test enclosure ' s floor ~lan , since a far visual task was no longer 
needed, the screening off of the biplane cameras , and installation of 
I 
environmental monitoring and control equipment (see Fig. 13 , p . ll9). 
Practice at carrying out lighting, sound pressure level , thermal and 
relative humidity monitoring and control \-las afforded during 
Experiment 3. 
Between Experiments 2 and 3 , a specially designed sedentary support-
work surface configuration was constructed by the author. The dimen-
sions embodi ed in this configuration were adjustable in order to allow 
a wide range of static , sedentary support-work surface configurations , 
in terms of variation in dimensions , angles bet\veen parts , etc . (see 
Fig. 14, p . l20) . The configuration was purposely designed as a 
functional unit . 
In Experiment 3 this configuration was adjusted until it conformed to 
the mean dimensional specifications of the standard office seat and 
work surface given in British Standards Institution, BSI-3893 (1965) , 
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SCALE 1. 3 cm = 30 . 5 cm ( . 5 i n 12 in. ) 
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Simultaneous biplane camera unit with (a) plumb- lines , (b) back 
drop grids , (c) floor reference lines , and (d) photo no . stand , 
(e) neutral visual surround \vi th 50 per cent reflect ant surfaces 
and (f) matt black flooring . Sedentary support- v1ork surface con-
figuration (g) , three- panel light diffuser unit that is 2 . 1 metres 
from the floor and }0. 5 cm deep (h) . Environmental monitoring and 
control v1i th ( i) globe thermometer ( j) sound pressure meter (k) 
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FIGURE 14. 
Experiment 3. The specially designed sedentary support- work surface 
configuration that was made to function as a single- unit , made up of 
highly adjustable and interchangeable components . 
( 
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and Shackel (1969) . This configuration \·las referred to , by the author , 
as the non-ergonomic , treatment 1 (T1) sedentary support- •11ork surface 
configuration (see specifications for T1 in Table 14, p .l22) . Further 
detailing of the configuration Nas completed in Experiment 4. 
The author carried out a search prior to Experiment 3 to find a more 
interesting task material than that hitherto and ..,.1hich yielded a con-
venient measure of performance . 
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TABLE 14 
Experiments 3 and 4. The seat- 1.;ork surface configuration used . 
1. Treatment 1 (T1) , representative mean dimensions and physical 
criteria based on the standard office seat and work surface 
configurations that are recommended in Britain (see British 
Standards ' Institution (1959 , 1965) and Shackel, 1969) . 
1. 1 T1 \'iork Surface 
1. 11 Overall it must be unrestraining to the user. 
1 . 12 Natural birch- ply surface , with an irregular grain and a 
matte finish. 
1 . 13 Surface size : 91 . 4 cm x 76 . 2 cm x 1 . 3 cm (36 in. x 30 in. 
x . 5 in. ) . 
1. 14 Zero degree slope . 
1.15 Surface height 72. 4 cm ( 28 . 5 in. ). 
1. 16 Reflectance factor between 15 to 56 per cent (*). 
1. 2 T1 Seat Pan 
1. 21 Pan size ; 58 . 4 cm x 41.3 cm (23 in. x 16 . 25 in. ) (width x depth) . 
1. 22 Cushioning is .6 cm ( . 25 in. ) medium density foam over a hard 
surface . 
1. 23 Surface covering is of white cotton sheeting. 
1. 24 A 4 degree pan slope from front to back . 
1. 25 A 2. 5 cm ( 1 in. ) radius front edge curve . 
1. 26 Front edge height is 43.8 cm (17. 25 in. ) . 
1. 27 Pan surface is non- dished in the frontal plane. 
1. 3 T1 Seat Back 
1. 31 Angle is 105 degrees to the seat pan. 
1. 32 Bottom edge height is 20 . 3 cm (8 in. ) from the seat pan. 
1. 33 Top edge height is 34 . 9 cm (13 . 75 in.) from the seat pan. 
1. 34 Height of seat back is 14.6 cm (5 . 75 in. ) . 
1. 35 Width is 38 . 1 cm (15 in. ) across the outside edges. 
1. 36 Horizontally curved with a radius of approximately 34 . 3 cm 
(1 3. 5 in. ). 
122 
TABLE 14 (contd. ) 
1. 37 Cushioning is . 6 cm ( . 25 in. ) medium density foam over a 
hard surface . 
1. 38 Seat back not convexly curved in the ver tical plane . 
1. 39 Seat back distance (horizontally) from the front edge of the 
seat pan is 36 . 2 cm (14. 25 i n . ) . 
* Unsloped (flat ) surface used in T1 : the measured 1 ight refl edance 
off of this birch surface , with task materials in place , was 215 lux 
when 650 lux vTere evenly diffused across the surface . This amount 
of reflected l i ght was measured at 40 cm from the surface and ~~thin 
the typical angle of vision ( 50 to 60 deg. ) . This amount represents 
approximately a 33 per cent 1 ight reflectance for the T 1 \oJOrk surface . 
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3.4 . 1 A Sedentary Near-Visual Task 
There is a knovm interrelation between man' s visual and postural 
behaviour (see Literature Review, p.26 ) . Thus we know that , to a 
great extent , a visual task can " tie" man to a postural balance point 
reflecting the demands of occular function and those of biomechanic 
activity and efficiency. In order to control each subject ' s bio-
mechanic functioning and balancing effort , the visual demands have to 
be equal within and between treatment conditions . 
Since the majority of everyday sedentary work involves near- vision, it 
\·ras decided that a near- vision task , to " tie" the subjects , to the work 
place should be developed (see Appendix 6 , p .412) . Subjects would be 
put under the direct influence of any sedentary support- work surface 
configuration used, via their visual orientation mechanisms . 
Because of the importance of such control , any near-visual task had to 
guarantee the subject ' s close involvement with the task . Reading aloud 
in the previous experiment \'las not thought to be very close to normal 
sustained quiet reading. The task had to be interesting, enjoyable and 
conducive to sustained and concentrated effort by the subject if 
possible . It was imperative that the task should not require physical 
effort above that normally involved in normal sedentary activity. 
Several equally difficult or demanding tasks needed to be developed, for 
use in different experimental treatments . 
3.4. 2 The Cloze Procedure 
A reading task requiring the subject ' s involvement by responding to 
missing words in a printed text was found to meet the majority of needs 
mentioned above . The guidelines for constructing such a task were 
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found to be vJell established in the "Cloze Procedure" . This technique 
is used for a variety of purposes including the measurement of reading 
comprehension (Taylor , 1953) . 
Care was taken in selecting printed reading task material in terms 
of :- potential emotional appeal , readability. of type and its format . 
The European edition of Time Magazine was found to meet most require-
ments . This magazine provided a variety of topi cal and interesting 
ar ticles . The type- face , " Ti mes (press) Roman" designed by Stanley 
Morison of the London Times , '"as found to be ver y l egible . This type-
face is used and recommended by the Applied Ergonomics Journal (Poulton, 
19'70) . Each column of print , of \vhich there were three per page , con-
s i sted of t hirty- six characters i n width . 
After a suffici ent number of art i cles were sel ected, a sl ightly 
modified version of the Cloze Procedure \vas applied. Every ninth word 
was systematically removed , leaving a blank of t he same length as the 
deleted word , throughout each article . Each bl ank \<Ias then given a 
number , (see example , as used in Experiment 4 , Appendix 13 p.433 ) . An 
answer sheet was provided for the subject to r ecord his " guess" as t o 
t h e words which had been delet ed , ( see example as used, i n Experi ment 4, 
Appendix 14 p.434 ) . A scor e of one was given for each word correctly 
replaced. A score of zero \vas given for each wor d i ncorrectly r eplaced . 
A score for a set of readi ng material or arti cl es was expressed by cal-
culating the per centage of the total blanks correctly fil l ed in. The 
advantage of using the Cloze Procedure \~as that i t allowed factors such 
as print size , page layout , to be i ncorporated equally in the t ot al 
score of readability (Anderson, 1972 , p . 121) . Using the Cl oze 
Procedure , several sets of reading material coul d be constructed which 
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generated equal scores . 
Using Cloze Procedure reading material , a measure of performance 
relating to a reading task could be derived as indicated above . Thus 
for Experiment 3 , a draft set of Cloze Procedure r eading materials was 
developed and tried as t ask material on a trial basis . 
One male , student volunteer from the University served as a subject . 
He had not previously participated in any of the experimental inves -
tigations . The subject participated in Experiment 3 on two 24 hour 
norm days and on one 24 hour (T1) t est day. Those three days fell 
vJi thin a nine- day period. 
On the first norm day, the subject was present at : 0730 , 1100 , 1345 , 
161 5 , 1730, 1830, 2100 7 2400 hours (January 22nd) and at 0730 hours 
the next morning (January 23rd) . At each of the first ei gh-t times a 
blood specimen was taken. The techniques described in Appendix 1, 
p . 399, and which were employed in Experiment 2, were repeated , but only 
in r espect of EBC . After the bl ood specimen was taken a urine sample 
was obtained from the subject , except at 0730 on t he first morning , 
when the subject only had to clear his bladder . The u r ine sample 
collection, storage , and 17-steroid determination techniques followed 
are described in Appendix 7, P·414 · During the 1400 to 1700 period on 
norm day 17 the subject was asked to refrain from engaging in any sus-
tained sedentary or violent sports activity. 
Five days later (January 28th) , the subject experi enced a second norm 
day. He followed the same schedule of blood specimen and urine sample 
collection , except that coll ection t imes could not be so carefully 
controlled. The precise times of sampling were on aver age 54 minutes 
differ ent , from those on norm day 1 . The subject -vras asked again t o 
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refrain from any sustained sedentary or violent activity, during the 
1400 to 1700 period. 
The following day (January 30th) ~as the Tl test day. The subject 
presented himself at : 0730 , 0930 , 11 45, 1330 , 1600 , 1700 , 2000 1 2300 
hours and at 0730 hour the next morning (January 31st) for the collec-
tion of a blood and urine sample. The precise times at which these 
eight blood specimen and urine sampl es were taken were slightly differ-
ent from those on either of the ttm norm days . On average sampl e times 
in the test day deviated by 1 hour and 18 minutes from times on norm 
day 1, and by 47 minutes from norm day 2 . Thus there was an overall 
mean differ ence between norm day and test day sampling times of 
approximately 1 hour . 
On the test day , a 3 hour reading- writ ing Cloze Procedure t ask was 
carried out by the subject from 1400 to 1700 , while he used the Tl 
or non-ergonomic sedenta ry support- work surface conf i gur ation. The 
subject r emained s eated to perform the near- vision t ask throughout t he 
3 hour period , except for about 5 minutes during the coll ect ion of t he 
blood specimen and urine sample , at 1600 . 
3 . 4 . 3 Results of Experiment 3 
EBC and per cent of change between certain counts were calculated from 
the eight blood specimens obtained on each of the three days . 
The r a w data r elating to EBC are given in Table 15 , p . l2 B. These data 
were not subjected to elaborat e statistical analyses . The mean EBC 
for the one subject involved in Expe riment 3 ranged bet ween 86 a nd 1 66 
on norm day 1, between 57 and 176 on norm day 21 and betv1een 54 and l OO 
on the T1 t est day . The mean E.BC for the t\vO norm days \·Ias 1 20 , for 
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TAELE 15 
Experimen-t 3. Mean eosinophil blood counts (EBC) per cu. mm . of 
peripheral blood and urinary corticos-teroid (17- steroid) mg excreted , 
for one subject per 24 hours . Measurements were taken on 2 norm days 
and 1 test day, during which a sustained 3 hour reading- writing task 
was carried out . EBC and 17- steroid values are given b elow against 
representative times , projecting from the time of sampling. Measure-
ments were pro jected back 4 and 6 hours respectively to reflect the 
subject ' s blood corticosteroid level . 
NORM DAY 1 TREATMENT DAY 1 I J AN 30-31 
I 
Repre- 1 EBC 
senta-
% change ( Repre-
times I senta-
t i ve 
EBC '% change : 
tive 
time 
0330 
0700 
0945 
1215 
1330 
1430 
1700 
2000 
166 
107 
86 
152 
125 
105 
112 
120 
- 36 
- 20 
+71 
- 20 
-16 
+ 7 
+ 1 
+38 
lo5oo 100 
+27 
+39 
- 35 
I 
0645 127 
0830 : 176 
1115 115 
- 2 
113 -13 
1330 
1600 
12000 
98 I - 42 
57 I +158 
147 I - 32 
1' time 
0330 
0530 
0745 
0930 
1200 
1300 
1600 
1930 
MEAN 122 I + 5 MEAN 117 ! +13 MEAN 
70 
85 
89 
65 
60 
54 
72 
100 
74 
Repre- 17-steroi~% change Reprel 17- % change !Repre- 17-
senta mg I' t imes I senta-~ steroid times I s~nta- steroid 
tive I tive mg t~ve mg 
time time t ime 
0130 cl ear bladder 0115 I clear bladder , 0015 
osoo 4 -93 1_17 lo430 i 2. 57 _ 75 0330 
0745 4 .1o _13 !o630 1 . 65 +654 0545 
0930 3o 57 - 44 ~~ 0930 I 4 • 90 - 48 0745 
1230 2. 01 1 _ 22 1130 2. 46 - 6l llQQ 
1 500 1. 56 '1 1 345 . 96 I 1330 
+200 1+359 
1800 4 . 68 _15 .1800 I 4 . 41 _43 1715 2. 71 
0130 4 . oo +23 0115 2. 53 I + 2 oo15 . 91 
clear 
1.10 
1.00 
1.20 
MEAN I 3. 10 +16 MEAN 2. 31 ~t-11 2 1-ffiAN 1. 32 
TOTAL 24-8 TOTAL 18 . 5 TOTAL 10 . 6 
times 
+21 
+ 5 
- 27 
- 8 
- 10 
+33 
+39 
-30 
+ 3 
% change: 
'times 
bl adder 
- 35 
+311 
- 66 
+20 
+126 
- 66 
+21 
+44 
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the (T1) test day, 74 . Thus the mean on the (T1) test day \-tas sub-
stantially lo•·rer than on the nonn days . 
The mean per cent of change in EBC on nonn day 1 for eight values , 
during a 24 hour period was +5 , on norm day 2, +13 , and on the (T1) 
test day, +3 . For norm days the average percentage change was +9 . 
EBC were all projected 4 hours back in time to reflect the level of 
blood corticosteroids (i. e . EBC at 0730 reflects corticosteroid level 
in blood at 0330) (Appendix 66 , p .414) . 
With the use of a 4 hour response lag , the EBC percentage of change 
between 1330 and l 700 on nonn days l and 2, and the test day, v:ere 
respectively: - 10 , - 8 and +18 . The latter two percentages of change 
were based on values taken from Fig.l5 , p .l30 , and Fig.l6 , p. l3l . 
Thus , on average , the sub ject under\-tent a - 9 per cent of change bet\-teen 
1330 and 1700 on his norm days , whereas on his test day, he underwent 
a +18 per cent EBC change . 
The EBC percentage of change difference between the test and norm days , 
for the 1330 to 1700 period, was +27 . 
The urinary 1 ?- steroid raw data obtained in Experiment J , using the 
rationale and techniques specified in Appendix 7 , p.414 , are given in 
Table 15 , p . l28. These data were not subjected to any detailed 
statistical analyses . The m~an urinary 17- steroid material excreted, 
by the one subject involved in Experiment 3 , ranged bett-teen 1. 56 to 
4 . 93 mg on norm day 1 , bet\-Jeen . 65 to 4.9 mg on norm day 2 , and beh1een 
. 71 to 2. 92 mg, on the test day. The mean urinary 17- steroid material 
excreted for the two norm days was 2. 7 mg. For the test day, the 
value was 1. 21 mg. Thus the mean on the t est day was substantially 
lower than on the norm days . 
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Experiment 3. Eosinophil blood count (EBC) per cu .mm . of peripheral blood and urinary 
corticosteroid material (mg) plotted against (projected) time , through the 24 hours of 
the (T1) test day (January 30 to 31) , i . e ., the EBC values are plotted against times 4 
hours back , and the urinary corticosteroid values 6 hours back from the time of sampling. 
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Experiment 3. Eosinophil blood count (EBC) per cu . mm . of peripheral blood and urinary corticosteroid 
material (mg) plotted against (projected) time , through the 24 hours of norm day 1 (January 22 to 23) , 
i . e . the EBC values are plotted against times 4 hours back , and the urinary corticosteroid values 6 hours 
back from the time of sampling . Interpolations were made on the one hour markings to derive Fig. 17 . 
(TIME) 1200 TREATMENT PERIOD 2400 
Urinary 1 7- steroid determinations \vere projected 6 hours b ack in time 
to reflect the level of blood corticosteroid (i. e . 17-steroid mg level 
in urine at 1100 reflects corticosteroid level in blood at 0 500) . vlith 
the use of a 6 hour response lag for urinary 17- steroid material , a 2 
hour difference between EBC and urinary 17-steroid levels occurs . 
Excretion of urinary 17-steroid material , projected back to the 1330 
to 1700 period , ranged between 1 . 6 to 3 . 6 mg with an average level of 
2.26 mg on norm day 1 . Corresponding values for norm day 2 were~ -
between . 90 to 3 . 6 mg, \vith an average level of 2 .06 mg. Correspond-
ing values for the test day were between l. 25 and 2 . 60 mg "1i th an 
average level of 1 . 84 mg. The values used in calculations \-lere taken 
from the 1 7- steroid curve in Figs . 15 , 16 and 17, on pagesl30 to132 • 
The 24 hour EBC and urinary 17- steroid value curves , as plotted in 
Fig . 17 , p . 132 , for nom day 1 were analysed further by marking off 
each hour . Then by plotting EBC and 1 7- steroid values occurring at 
each h our against one another , it \vas possible to determine graphically 
whether there was any correspondence between the two measures . The 
results are shown in Fig. 18 , p . 134 . 
The mean urinary 1 7- steroid level , during the 1330 to 1700 period over 
the tv1o norm days was 2 .16 mg. This is considerably higher than the 
level for the same period on the test day. The average total urinary 
17- steroid material excreted for the two norm days was 21 . 6 mg, whereas 
only 10.6 mg was excreted during the 24 hour period of the test day. 
Thus substantially more urinary 11-steroid material was excreted on the 
norm days than on t he test day. 
The mean percentage of change b etween seven different times , during 
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FIGURE 18 . 
Experiment 3 . Eosinophil blood count (EBC) per cu. mm . of peripheral 
blood and urinary corticosteroid material (mg) excreted , plotted against 
each other through the 24 hours of norm day 1 (January 22 to 23rd) . This 
figure is derived from Figure 16 by taking interpolated values of EBC and 
urinary corticosteroids at each hour . 
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the urinary 1 7- steroid level on norm day 1 during the whole 24 hours 
was +16 , it was +112 per cent on norm day 2 , and+ 44 per cent on the 
test day. Thus there was on average a +64 percentage of change on 
the norm days . 
day figure . 
Thi s is +20 per cent more , on average , than the test 
Beh1een 1330 and 1700 on norm day 1 , the subject under\vent a +94 per 
cent change in urinary 17- steroi d , on norm day 2 the corresponding 
figure was +300 per cent ; on the test day, i . e . during the sedentary 
task period , a +108 percentage of change occurred. Thus for the norm 
days , the subject averaged a +197 percentage of change in the amount 
of urinary 17- steroid mg excreted , in the 1330 to 1700 period. Thus 
the change on the test day was substantially less , but it was in the 
same direction as on the norm days . 
No raw data with regard to the environmental conditions maintained on 
the test day were collected in Experiment 3. The trial set- up and use 
of the monitoring equipment in the test enclosure area made it diffi-
cult to do so . As will be discussed , the author did gain experience 
of the difficulties associated with monitoring the environment , and 
its control in the experimental test area. 
No raw data on the subject ' s task performance \vas obtained either , 
because of the trial nature of the use of the "Cloze Procedure" 
technique . Some refinements in the technique were needed , as is 
l ater discussed . 
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3.4.4 Discussion of Results Obtained in Experiment 3 
It was found that the overall mean for the EBC was 104 per cu. mm of 
peripheral blood. This value is within the standard 40 to 500 range 
according to Diem (1962) and others. None of the mean EBC fell out-
side of this range as in Experiments and 2. The author' s blood 
measuring techniques now seemed to be highly accurate and dependable . 
A fairly substanti al treatment effect for EBC , in t erms of the subject ' s 
mean on the norm days and test day occurred. The norm days overall 
EBC mean was 120 , that for the test day was 74. With regard to pos-
sible treatment effect due to the sedentary task , i. e . there was no 
indication that systemic stress occurred just betHeen 1400 and 1700 , 
because the norm day EBC per cent of change during that period was - 9 , 
and on the test day +18. Thus there was a +27 per cent of change 
difference on the subject ' s test day treatment period in comparison 
with his norm days . Thus on the basis of percentage of change 
difference in EBC , there is no evidence of systemic stress in the test 
period. This is a little surprising in the light of the results 
occurring in Experiments 1 and 2. Four possible reasons may be advanced 
to explain this anomalous result in Experiment 3; (a ) the 5 minutes at 
the 1600 hour during the test period , necessary for urine sample collec-
tion, in which the subject stood up and left his seat may have helped 
the subject to alleviate a systemic stress build up , (b) the subject 
on norm day 2 may have been involved in some sustained large muscle 
activity other than sport , as indicated by unusual results between 0800 
and 1600 as shown in Fig. l5 , p . l30, (c) the subject was able to adapt 
extremely well to the imposed treatment effect , for one of several 
possible reasons such as his particular body type , and (d) the EBC 
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response lag allowed for in Experiment 1 and 2 \vas not long enough 
and thus gave a misleading stress indication. 
Variance analys i s of the EBC data \·las not carri ed out because of the 
limited amount of data obtained , and because the prime objectives of 
Experiment 3 did not relate solely to EEC stress determination. 
The overall mean amount of urinary 17- steroid excreted per 24 hours by 
the subject tvas l 7. 96 mg. In fact on all of the three days 1 7-steroid 
values were within the typical range for healthy adult males of 8 to 
25 mg per 24 hours ( see Diem , 1962 ; Clinton , 1964 7 and others ) . The 
subject ' s mean on the test day for urinary 17- steroid excretion in mg. 
was substantially lower than that which occurred on the norm days . The 
norm days mean of 17-steroid excreted was 2. 7 mg , whereas on the test 
day it tvas l. 32 mg. The entire l 7-steroid 24 hour curve was much 
lower on the test day. The precise reason for this is not known. 
The nine day period which occurred bett-reen the first norm day and the 
test day may have had an influence , due to accumulative circadian 
changes . Although the total amount of urinary 17- steroid material 
excreted vias substantially lower on the test day, the general form of 
the diurnal curve remained ver y similar to that of the norm days ( see 
Fig. 15 , 16 and 17) . This is reinforced by the fact that , on average , 
there was a +64 per cent change bet\-1een times for the norm days , and a 
+44 per cent change on the test day. 
On the norm days the sub ject averaged a +197 percentage of change in 
the amount of 17- steroid material he excreted between 1330 and 1700 . 
On the test day, there was a +108 percentage of change . The reasons 
for this difference in percentaee of change are difficult to explain. 
137 
It can be noted, hO\·Jever , that on norm day 2 , there v<as a very substan-
tial + 300 per cent change bet\·Ieen the 1330 and 1700 period , in compari-
son with only +94 on norm day 1. I n retrospect , on norm day 2, there 
was a substantial EBC change almost entirely through the 1330 to 1700 
period. These t wo different measures i nversely relate to each other , 
and thus reinforce the previous claim that some extraneous stimuli 
influenced the subject on norm day 2 , thus upsetting the experimental 
comparison, particularly with regard to determining whether systemic 
stress was induced i n the test period in the test day, or not . 
Based on the results shown in Fig . 18 , p .l34 , the through time 24 hour , 
EBC and urinary 1 7- steroid values obtained on norm day 1 v1ere for 
certain parts of the day at l east inversely related. The same technique 
used to establish Fig. 18 was not applied to the results of the other 
two days , i . e . norm day 2 and the test day. But visual comparison of 
these two days , as represented in Figures 15 and 16 , ,.,i th norm day 1 , 
indicates that similar 24 hour EBC and 17-steroid urinary value curves 
occurred on all three days . Only the magnitude of these curves seemed 
to vary. Thus the EBC and urinary 17-steroid values obtained in 
Experiment 3 tended to invesely correspond, at least in part , on all 
three days . 
reviewed . 
This was an expected result , according to the l iterature 
Although the environmental monitoring data collected in Experiment 3 
was not analyzed in particular detail , several features in this data 
were discovered, including that extra light and radiant heat control 
for the inside of the test enclosure was needed. To help meet this 
need , an overhead suspended ceiling panel was located above and in 
front of the subject sitting area . To minimize the radiant heat 
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problem which was due primarily to a windowed wall in the laboratory, 
white 99 per cent reflectant photographic- background paper was 
stretched across the entire outside surface of the Test Enclosure 
facing this wall . 
-
The Cloze Procedure task material used en a trial basis during the 
testing period in Experiment 3 was found to be satisfactory. It t-Ias 
easy to use by the subject , easy to score , and it "held" the sub j ect 
visually to his task . The reading material used had been equated as 
to its amount . However , it was real ized t hat reading material 
selected for future experimental tasks would need to be evaluated as 
to factors of comprehension and difficulty as well. 
In summary, it can b e stated that the broad aims of Experiment 3 were 
met . The author was able to confirm his use of the blood specimen 
techniques , i. e . all counts obtained were within the normal range , and 
followed the same general diurnal patterns established in the litera-
ture for healthy adult males. 
The mean EBC percentage of change , between 1330 and 1700 for the two 
norm days was -9 , or slightly belov-1 that \vhich is expected , approxi-
mately +15. The EBC percentage of change for the sub ·ect during the 
same period of time , on the test day was +18 . EBC percentage of 
change comparison of the 1330 to 1700 period of time , for the norm and 
test days, must be considered in the light of the substantial +300 
percentage of change between 1 330 and 1700 , which occurred on norm day 
2. The cause for this change , as discussed , is not known. But the 
magnitude of this positive EBC percentage of change was reinforced by 
the subject ' s negative urinary 17-steroid per cent of change during the 
same period of time . 
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The urinary 17- steroid values obtained in Experiment 3 were all within 
the standard range , and had the same general diurnal patterning as 
expected, according to the literature . Thus the author \vas able to 
verify his use of the urinary l 7-steroid measure as a supportive 
indicant of systemic change . At the same time , the author proved his 
ability to carry out urinary 17-steroid analysis techniques as specified 
in Appendix 7 , p.414 , with sufficient accuracy. 
Overall the results of Experiment 3 tended to confirm \'lhat the litera-
ture suggests about projecting 4 hours back from the time of sampling 
for an EBC indication of the corticosteroid level in the blood, while 
projecting back 6 hours for a urinary 17- steroid indicat ion. 
Experiment 3 gave the author the opportunity to evaluate realistically 
variations in environmental energy, using various monitoring and control 
t echniques . The best locations for the various environmental monitor-
ing and control devices for future experiments were decided upon. 
Experiment 3 also afforded the author the opportunity to evaluate the 
effectiveness and general acceptability of the Cloze Procedure during 
a test period . Changes as to the kind of Cloze Procedure reading 
material given to a subject were found to be needed (see Experiment 4, 
for details) • 
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3. 5 Final Conclusion on Experiments 1 , 2 and 3 
At the conclusion of Experiment 3, the author ' s original objectives for 
carrying out the preliminary experimental ~1ork Here satisfactorily met . 
The null hypothesis , that no adverse or unhealthy levels of physio-
logical change or stress are induced in the human subject , whil e per-
forming a sustained visual task , in a static sedentary posture , seemed 
to be false . Secondly, the author was able to gain a great deal of 
first-hand information on, and feeling for , the problems invol ved in 
monitoring and analysing a subject ' s visual-pos tural behaviour . A 
special biplane photographic monitoring and r ecording technique to 
measure quantitatively visual- postural behaviour change \'las establ ished. 
Also, the three pr eliminary experiments enabled the investi gator to 
explore for himsel f the techniques involved in carrying out various 
biochemical measures of stress , and to achieve a satisfactory competence 
with them. Some evidence of cor respondence betvreen blood count and 
urinary cort icosteroid (17- s teroid) measures of systemic change s eemed 
to occur. For the most part the values obtained for both these 
measures fell within standard ranges and diurnal pa·tterns indicated by 
the literature . 
At the conclus ion of Experiment 3 the author had available : 
(a ) a specially designed sedentary support - work surface configur at ion 
for testing various sedentary and treatment conditions , 
(b) a special t est enclosure and environment , with the i r use , the 
invest igator could monitor and suffi c i ently control the subject ' s 
immediate environmental surround , while carrying out bipl aned 
photography measures of visual- postural behaviour , and 
( c ) a s et of near vision , r eading-writing t ask materials based on the 
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use of the Cloze Procedure . 
This task v1as found to be suited to the present investigator ' s 
experimental aims in that it : (a ) r equired a minimum mental and 
physical effort by a subject during a 3 hour period, (b) represented 
a common sedentary task situation , and (c) for the most part was 
interesting, and could be scored for determining subject performance . 
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4. Experiment 4 
4 . 1 Overvie1-1 of Experiment 4 
The overal l purpose of Experiment 4 was to invest i gate the ·overt , and 
non- overt , effects of static , er gonomic and non- er gonomic sedentary 
support- work surface configurations, on the human subject during a 
sustained near vision task . The bases for carrying out this investi-
gat ion were derived from the literature r eviewed earlier . \fua t seemed 
to be appropriate overt and non- overt measures and experimental condi-
tions \.;ere tried by the investigator in preliminary Experiments 1 , 2 
and 3. 
Several broad objectives were established "for Experiment 4. These 
included: 
(a) to determi ne t he cause , if any , of differential s edentary pos t ure 
treatment effects , 
(b) to develop a " cause a nd effect" model of the influence static 1 
sedentary support- work surface configuration has on the human 
subject , and 
( c ) to answer as fully as possibl e the five questions originally put 
f orward in the Introduction , p . 2. 
These questions a r e given below: 
(1) Do variations i n body support configuration, in sedent ary work 
situations 1 differentially affect man' s physiological functions , 
particul arly biomechanic and biochemical , on a temporary, and 
possibly on a permanent basis? 
( 2) Do variations in the work surface confi guration in sedentary work 
situations affect man' s physiologi cal functions , particularly 
biomechanic and biochemi cal , on a t emporary, and possibly on a 
permanent basi s . Furt hermore , do the effects of body support and 
work surface i nteract? 
( 3) Do such physiol ogical functions or responses va ry 1d th any parti-
cular individual characteristics of man or his postural behaviour? 
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(4) If there are variations in physiological functions , do these 
functions correspond with variations in subjective feelings and 
task perfo1~ance? 
(5) If man responds differentially, in terms of his physiology, feel -
ings , and task performance to variations in the amount and kind of 
sedentary postural support , are these responses predictable? 
The primary objective of Experiment 4 was to determine quantitatively 
whether or not the Null Hypothesis is true : THAT NO ADVERSE SYSTEMIC 
STRESS , OR UNHEALTHY LEVELS OF PHYSIOLOGICAL CHANGE , ARE INDUCED IN THE 
HUMAN SUBJECT , WHILE PERFORMING A SUSTAINED VISUAL TASK IN A SEDENTARY 
POSTURE. 
The description of Experiment 4 is broken down into three main parts. 
These are (1) Ex~erimental Design, (2) Methods including Subject Testing , 
and (3) Experimental Result s and Discussion . 
Part (1) is subdivided into : (a) The plan for: treatment effects , 
treatment and norm days comparisons , treatment application and control 
of differential effects ; (b) Apparatus and materials for : the test 
enclosure , including environmental monitoring, sedentary support-work 
surface configurations , subject monitoring (blood specimen taking , urine 
sample col l ection , visual-postural behaviour , subjective response and 
performance) . 
Part (2) is subdivided into : (a) Subiect~ : including their background 
character , health and vision ; (b) Procedures : including blood cou~t 
analysis , urinary corticosteroid determination, biplane photography , 
application of the questionnaire and the reading-writing task . 
Part ( 3) i s subdivided into: (a) Presentation: of the rat~ results , 
(b) Trea ted results: statistical analy:::is , determination of the means 
and associ ated s t andard errors , calculat ion of interrelations between 
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measures ; ( c) Discussion: of results , and their significance , and 
(d) Conclusion: including a summary of findings and their implications . 
4 . 2 The Design of Experiment 4 
Experiment 4 was an attempt to carry out a rigorous , in depth examination 
of the human subject in relation to sedentary postural support . Such 
an examinat ion was essential in order to determine whether certain 
sedentary support- work surface configurations were more stressful , in 
anatomical , physiological and psychological terms , than others . In 
order to obtain valid data , particularly with respect to different 
responses which might occur in relation to different treatments , the 
investigator sought the following : 
(a) To set up as carefully as possible experimental test conditions 
in which differential systemic stress responses might be expected, 
(b) To eliminate , or control , any extraneous variable effects which 
might exert an influence on subjects , 
(c) To maintain strict subject controls , and yet to provide sufficient 
motivation to take part in the t ests , 
(d) To monitor and measure carefully all stress i ndi cants , in a consis-
tent manner , using the same techniques and procedures previously 
proven , 
(e) to keep the treatment test conditions as simple and realistic as 
possible , and 
(f) to monitor and control carefully the amount and kind of task 
activity each subject engaged in. 
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4. 2 . 1 Rationale Lying Behind the Plan of Experiment 4 
Several practical considerations and constraints influenced the plan 
of Experiment 4 . 
A -typical sustained sedentary work period in places such as offices , 
school s , e·tc ., was assumed to total around 3 hours ( see Shackel , 1969; 
and Wely, 1970) . From the preliminary experiments described earl i er , 
it was found that a 3 hour treatment test period was acceptable to the 
subjects used. A 3 hour period was also found to be sufficient for the 
effects of physiological change to show themselves , especially with 
respect to the biochemical measures used. 
If the blood count and urinary cort i costeroid measures , most applicable 
to the present experimental aims , were to be effectivel y utilised , the n 
the testing period, according to the literature reviewed , had to be in 
the afternoon. It is during this period of the day that the biochemical 
measures , the blood count in particUlar, undergo minimal variation (see 
T~orn , 1948; Acland , 1956; and others) . With respect to the above 
., 
constraints , the period from 1400 to 1700 was selected as the best in 
which t o conduct tests in Experiment 4 . This was al so in keeping with 
the period in which tests were carried out in the preliminary experiments . 
The biochemical measures to be used i n Experiment 4 enabled an accurate 
reflection of the past corticosteroid (17-steroid) l evel in the blood to 
be made ( see Appendix 71 p .4lt~) . For the most part the peak of the 
r esponse lag for eosinophils in the peripheral blood was found to be 
about 4 hours . Whereas the peak for urinary corticoste roids was found 
to be around 6 hours . I n order to cover a 1400 to 1700 hour test pe riod , 
using these measures , a "before" and "after" treatment test indication of 
the subject's blood corticos t eroid l evel , as indicat ed by these measures 
was deemed necessary . Further mor e , to establish a mi nimum diurnal 
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pattern which could be compared l ater to that of norm days , a third l ate 
morning measure \vas al so thought to be necessary. Ideally, therefore , 
a minimum o£ three separate blood s pecimen and urine sample collection 
times were needed . Hi th the use of the recommended four hour lag from 
the time of sampling for the eosinophil r esponse , a subject ' s avail -
ability r equirement per day would be at l east s even hours , from about 
1400 to 2100 . With the use of t he recommended six hour lag from the 
time of sampling for the urinary corticosteroid r esponse , a subject ' s 
availability requirement per day would be from about 1400 to 2300. So 
that the two different measures indicated the subject ' s corticosteroid 
level in the blood for the same time each urine sampl e collection time 
would need to be staggered two hours behind every corresponding blood 
speci men sample time. Doing so would have required that one urine 
sample coll ection take place at 1600 during the t est period. 
It soon became obvious that a compromise solution to this time subject 
avail abil ity problem was necessary. Trying to find volunteer subjects 
for nine hours a day (four consecutive days , as will be described) was 
. 
difficult . Holiday periods , which are useful for conducting experi-
mental t ests vli th undergraduates , could not be used because only one 
subject per week could be handl ed. 
A compromi se was adopted. The peak response lag for blood measures , 
the measures considered most important , had to be reta ined. The urine 
sample collection time would have to be carried out at the same time as 
the blood speci men. This compromise would cut the urinary measures 
s imultaneous indication of the corticosteroid level in the blood down 
to 4 hours , r ather than the r ecommended 6 hours . The allowance of a 4 
hour response l ag for the urinary corticosteroid measure -..1as , hmvever , 
within the range indi cated by the literature . This compromise cut down 
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the subjects ' overall time requirement in the sense t hat only three , 
rather than six , individual sample times ,;ere necessary. ~his pro-
cedure was adopted on test days . On norm days , to compensate for this 
compromise , a 24 hour urine sampl e coll ection scheme was devised. This 
is described in detail l ater. 
It was _felt that i n order to explore thoroughly the interrelation between 
sedentary postural support and the human subject , at l east twq comparat ive 
treatment conditions would need to be investigated. The use of an 
absol utely minimal sedentary support- work surface configuration was ruled 
out because of its lack of realism , particularly with regard to under-
standing the problems of current sedentary support systems . Therefore 
it was decided that one of the two treatments shoul d be representative 
of commonly found static , non-adjustable office type seating and work 
surfaces. It had been found previously in Experiment 3 that such a con-
figuration could be created. It was thought , for purposes of realism , 
that the other treatment condition had to incorporate the most pertinent 
ergonomic principles , particularly anthropometric , currently available . 
Two treatment conditions , incorporating these principles , were therefore 
compared. 
Having two treatment t est conditions was also compatibl e with other 
1 imitations imposed by having to carry out biochemical measures . Based 
on the literature reviewed (Acland, 1956; and others) , it is sugges.ted 
that the more limited the time spread beh1een test and norm days , the 
better. With few test and norm days, contiguous days may be employed. 
Possible effects of weekends on biochemical measures , particularly those 
used for comparative purposes , were thought best to be avoided. 
Thus , for present purposes , it was thought important that the hm test 
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conditions should be on consecutive days. Furthermore , it was thought 
that two minimally required norm days be incorporated, one before , and 
one after, the two consecutive test days . 
4 . 2. 2 Pl a n of Experiment 4 
Experiment 4 \vas designed to test fifteen heal thy and young adult 
subjects . A fifteen subject , experiment was deemed adequate in statis-
tical terms , and could be fitted into the investi gation' s overall 
schedule . 
Experiment 4 was planned so that each subject would be involved in the 
experiment on four consecutive days . From 1400 to 1700 on two of these 
days the subject was present for a treatment condition. 
On one of these two days , the subject was given a near-vision, reading-
writing task , made up of a set of Cloze Procedure reading materials . 
In order to facilitate this 3 hour t ask , the subject was given on one of 
the two days a sedentary support- work surface configuration, which repre-
J 
sented an average of what is commonly found in offices ( see Table 14 , p . l22) . 
This condition will be referred to as the non- ergonomic treatment (T1) . 
During the 1400 to 1700 period on the other day, the subject was given 
an equivalent reading- writing task. However , this time it was carried 
out while using a sedentary support- work surface configuration which was 
fitted , using the most current human factors principles and data available 
to the individual subject . This condition will be called the ergonomic 
treatment (T2) (see Table 16 P·l50) . 
The effects of the two treatment conditions , T1 and T2 , were monitored 
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TABLE 16 . 
Experiment 4 and 5. The seat and work surface configuration used. 
1. Treatment 2 (T2) , representative mean dimensions and physical 
criteria based on the most recent and presently available ergo-
nomic and British Standards Institute (BSI) recommendations for 
offi ce seat and work surface configurations (see BSI 1959 , 1965 , 
and Shackel 1969 , Kroemer 1969 , Notley 1971, and others) . 
1. 1 T2 \~ork Surface 
1. 11 Overall i t must be unrestraining to the user. 
1. 12 Natural birch- ply. surface ; with irregular grain, matte finish 
and a 2. 54 cm x 48 . 3 cm (1 in·. x 19 in. ) " paper thin", el ectro-
stati c writing pad attached. 
1. 13 A 20 degree sl ope . 
1. 14 A surface height that is adjustable bet~-1een 60. 9 cm to 81 . 3 cm 
( 24 in. to 32 in.) as measured from the bottom edge , \·then at 
20 degrees . 
1. 15 Surface size ; 91 . 4 cm x 76 . 2 x 1. 3 cm ( 36 in. x 30 i n . x . 5 in.) 
1. 16 Reflectance factor bet,-leen 15 to 56 per cent (*) . 
1. 2 T2 Seat Pan 
1. 21 Pan s i ze ; 58 . 4 cm x 41 . 3 cm ( 23 in. x 16. 25 in. ) (\'lidth x depth) . 
1. 22 Cushioning thickness is 5. 1 cm (2 in.) with high and medium 
density polyurethane foam used (see Fig. 
1. 23 Surface covering of whi te cotton sheeting. 
1. 24 A 5 degree pan slope from front to back. 
p . ) . 
1. 25 A 2. 5 cm (1 in. ) radius curve on the front edge , made of high 
densi·ty foam . 
1. 26 Front edge height is adjustabl e bet\-Jeen 40 . 6 cm to 50. 8 cm 
(16 in. to 20 in. ) . 
1. 27 Pan surface is non- di shed in the frontal plane . 
1. 3 T2 Seat Back 
1.31 Angle is 100 degrees to the seat pan. 
1. 32 Bottom edge height is 20 . 3 cm (8 in. ) with normal seat pan 
compression. 
1. 33 Top edge height is 33 cm (1 3 in. ) with normal seat pan 
compression. 
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TABLE 16 . ( contd. ) 
1 . 34 Height of seat back is 12. 7 cm (5 in. ) . 
1. 35 \'lidth is 38 . 1 cm (1 5 in. ) across the inner , outside edges . 
1. 36 Hori zontally curved \oJi t h a radius of approximately 50.8 cm 
( 20 in. ) . 
1. 37 Cushioning is 5 .1 cm ( 2 in. ) thick with medium density foam 
on hard backing. 
1. 38 Seat back is partially convexly curved in the vertical plane 
due to some foam compression. 
1. 39 Seat back distance (horizontally) from front edge of seat pan , 
is _adjustable between 30. 5 cm to 50 .8 cm (12 in. to 20 in. ) . 
* The 20 degree sloped surface used in T2: the measured light 
reflectance of.f of this birch plyvJood surface , with v1ri ting pad, 
and task materials in place was 245 lux ( . 049 at 5K) when 600 
lux were evenly diffused across the surface . This amount of 
reflected light was measured a t 40 cm from the work surface , 
within the ·recommended angle of vision (60 to 70 degrees) . 
This amount represents an approximate 41 per cent light 
reflectance for the T2 v10rk surface . 
Comparison of the T1 wi th a 33 per cent reflectance , and T2 work 
surface light reflectance , indicates that the T2 surface is more 
of an effi cient light distributor to the eye than the T1 surface . 
Thus , appropri ate light level control for the T1 and T2 surfaces 
was impor tant , in order to equate for their r eflectance 
difference . 
However , the light reflectance character of both the T1 and T2 
work surfaces fell within BSI-3893 (1 965 , p. 19) , for wood desk 
tops . 
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and compared, using seven separate measures : (a) three biochemical 
responses including: total \·Ihi te cell blood count (1;1BC) , eosinophil 
blood count (EBC) , and urinary corticosteroid (17- steroid) material (mg) 
determination; (b) visual and postural behaviour changes ; ( c ) subjec-
tive responses , and (d) performance at the reading- writing task. 
During the 1400 to 1700 period on the test days the subjects ' visual 
and postural behaviour was recorded via a biplane photography, i . e . 
technique . These overt measures were quantitatively recorded on a pre-
determined time sequence . 
Before and after the 1400 to 1700 period on both test days , the subject 
was ~resent at 1330, 1705 and 2100 for blood specimen and urine sam~les 
collection. At 1355 and 1701 , i . e . jus·t before and after the test 
period on both days , a short questionnaire \·Jas administered to the sub-
ject . The quest ionnaire ... sas primarily directed at obtaining subjective 
estimates of comfort , particularly in relation to the sedentary su~~ort­
work surface condition experienced. 
Before and after the t\-IO days on whi ch treatments , T1 and T2 \·Jere 
administered, control measures were collected for biochemical responses . 
On norm days , subjects were present at 1330 , 1700 and 2100 for blood 
s~ecimen and urine sample collection. In addition, the subjects were 
required to collect , after urination at 1030 on both norm days , all 
urine excreted (other than that which was collected at 1330, 1700 and 
2100) , until and including 1030 the next morning. 
Thus for all response measures used it Nas possible to compare the 
effects of the tv10 treatments , T1 and T2. In addit ion, f or the bio-
chemical measures , it was possible to compare T1 and T2 against the con-
trol or normal days . 
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Control of Differential Effects 
Experiment 4 was desi gned so as to minimize all differential effects 
except for those it was planned to test in the two treatment conditions , 
T1 and T2. To minimize time and order effects ei ght of the fifteen 
subjects received T1 first . Four of these subjects received the Cloze 
Procedure t ask made up of r eading materials (m~ ) 1 to 5 first , the other 
four received RM 6 to 9 f irst ( see Table 17 , p .l54) . The remaining 
seven of the fift een subjects received T2 first . 
r ecei ved RM 1 to 5 first . 
Four of these subjects 
To reduce variations due to indi vidual di fferences t he followi ng occurred: 
( a ) treatments were applied on two consecutive days , (b) norm days were 
applied the day before and after the two treatment days , (c) any norm day 
biochemical responses outside normal deviation (see Appendix 1 , p .399) , 
were r e- taken as soon as possible. 
It was thought that by r andomi zation of treatments , reading- wri t ing tasks , 
and subject allocation, one could achieve a counte~balance of ~hese 
eff ects . Also , by mainta ining great care to keep consistent procedures 
in applying stimuli , such as camera " clicking', shifts i n t he subject ' s 
environmental energy surround , the effects of stimuli other than those 
being studied were minimized, or eliminated. Therefore di fferences in 
the data recorded should refl ect the treatment e ffects only. 
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TABLE 17 . 
Experiment 4 . The order in which subjects experienced treatments T1 
and T2 and t ask reading materi al (RM) . The female subjects ' numbers 
are bracketed. 
Sub ject 1st treatment task 2nd treatment task 
condition given condition given 
given given 
1 T1 RM 1- 5 T2 RM 6-9 
2 T2 RM 1-5 T1 RM 6- 9 
3 T.l m~ 1- 5 T2 RM 6- 9 
4 T2 RM 6- 9 T1 RM 1-5 
5 T1 RM 1- 5 T2 RM 6-9 
6 T2 RM 1-5 T1 RM 6- 9 
(7) T1 RM 6- 9 T2 RM 1- 5 
8 T2 RM 6- 9 T1 RM 1-5 
9 T1 RM 6- 9 T2 RM 1-5 
10 T2 RM 1-5 T1 RM 6-9 
( 11) T1 RM 1- 5 T2 RM 6- 9 
( 12) T2 RM 6- 9 T1 RM 1- 5 
13 T1 RM 6-9 T2 RM 1- 5 
-
14 T2 RM 1- 5 T1 RM 6- 9 
( 15) T1 RM 6- 9 T2 RM 1- 5 
4 . 2 . 4 The Test Enclosure and Its Environmental Surroundings 
A test enclosure space for Experiment 4 was partitioned off within the 
Post- graduate Research Laboratory in the Ergonomics Dept. , Loughborough 
University of Technology. As previously mentioned, it took up a space 
. 6 x 3 x 2 . 4 metres. The partiti oning panels \.;er e constructed on a 2. 4 
x 2. 4 metre module . These panels were made out of a 5 cm x 5 cm (2 in. 
x 2 in. ) timber frame construction, with sheets of hardboard and photo-
graphic-background paper stretched across them . The panels were bolted 
together , and interlocked by spans of timber , to form the enclosed space 
( see Fig. 13, p . ll9 ) . 
The Post- graduate Research Laboratory itself \'las not a sophisticated 
environmental chamber , but maintained only typical ranges of indoor 
environmental conditions . Because of this , a nd the need for particular 
environmental conditions to be maintained during subject testing, several 
subsidiary environmental controls such as lighting \·lere installed in the 
test enclosure . To adjust these controls , and also maintain a record 
of the energy levels being obtained , several calibrated, environmental 
monitoring devices were used. The objective of the investigator was to 
maintain as optimum an environment for each subject as possible . 
Each t est carried out in the test enclosure during· Experiment 4 was 
monitored as to its environmental energy surrounds. The monitoring of 
light , temperature , relative humidity, and the sound pressure level . ~1ere 
carried out at predetermined times through each test period (see Fig. l9 , 
p . l56, and Appendix 11 , p . 427) . 
Particular care ~ras taken to make sure that the visual environment inside 
of the test enclosure was not a visual stimulus to the subject . To do 
so , al l inside surfaces of the test enclosure '"ere covered with a neu·tral 
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FIGURE 19 
Experiment 4- 5. Examples of typical activities which went on during 
each testing period ; in particular monitoring and controlling the 
t est enclosure ' s environment . 
Monitoring the sound pressure level . Checking 
,..-
The light level control panel . 
Changing the photograph number card. 
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grey, photographic-background paper. This paper had a non- textured, 
matt finish , and was specified as having an approximate 50 per cent 
reflectance . The floor of the test enclosure was covered with matt 
black , rubber matting for the same purposes . 
The use of the photographic background paper was effective in el iminating 
all sources of glare and provided a uniform reflectance surround. The 
non- reflectant black flooring provided a good 2 to 1 contrast ratio 
between the light level over the task area, and that of the subject ' s 
peripheral surround. This was deemed important (see Harmon, 1958) to 
ensure three dimensional perception within the test enclosure . 
Good light control for the inside of the ~est enclosure was extremely 
important . This energy variable was given a high priority in Experiment 
4, because of the potential i nfluence it could have on subjects ' vision, 
posture and performance ; according to Harmon (1958) , Edholm (1967) and 
others . Also according to the literature (see p. 66) , the natural 
light , day cycle , v1as a potential influence on subjects ' diurnal eosi nophil 
rhythm. This was another reason for adapting good lighting control , for 
the test enclosure in Experiment 4. 
A light- diffusing box (see Appendix 2 , p~05 ) was suspended 2. 1 metres 
from the floor and located above the subject ' s task area. At a height 
of 2. 4 metres , but located in front of the task area , a 2. 4 x 3 metre 
ceiling panel was also suspended. These two panels , along with the test 
enclosure walls , cut off al l direct window light in the test enclosure 
(see Fig. 13 , P•ll2) . Because the test enclosure was not blocked off at 
either of its ends from above , a subject could sti ll perceive daylight 
changes . Thus sufficient control over the amount of light within the 
test enclosure was achieved. 
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To achieve even greater 1 ighting control , \·ri thin the test enclosure , 
particularly over the subjects ' task area, a light- diffusing box vras 
specially designed. Seven 1. 2 meter fluorescent light fixtures were 
mounted inside , on the top surface of the light diffusing box . All 
the inner walls of the box \vere lined with 99 per cent reflectant white , 
photographic paper. The depth of the light- diffusing box was 30.5 cm 
(12 in. ) . Across the bottom or open end of this 3 x 1 x . 3 metre box , 
three 1 x 1 metre , double- skinned " PVC " light diffusing panels tvere 
fitted (see Appendix 2 , p .405) . These special "Izora", light diffusing 
panels enhanced the spectral character of the delux warm white 
(Cryselco) fluorescent tubes used in the light fixtures (see Appendix 2 , 
p . 405) . Blue and green " PVC" skins were used in combination in the 
light diffusi ng panels . This was done to off- set the blue spectral 
character of the natural light still indirectly entering the test 
enclosure , and enhance the Crysel co spectral character. The author~ 
objective was to produce as full a light colour-spectrum over the 
subject ' s task area as possible . According to Harmon (1 965) and 
Stolpher (1971) , the ideal colour temperature on a reading task is 3100 
degrees Kelvin. 
Lighting conditions for the test enclosure were sought , which fell within 
current recommendations . The Illuminating Engineering Society normally 
recommend a 325 to 755 l ux light level for a readi ng task , at approxi-
mately 76. 2 cm from the floor , this varying on the duration of the task , 
the print- type face , and contrast ratio of t he material used. Consider-
ing these , and the recommendations of others , such as Harmon (1949 and 
1958) , an ideal light l evel of 645 lux or approximately 60 foot candles 
on the reading surface was sought . Before any treatment t ests were 
carried out in Experiment 4, the effect of a 20 degree sloped versus an 
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0 degree sloped vmrk surface , on light distribution on a subject ' s task 
was examined. Adjustment in the light level for the different work 
surface slopes was found to be needed (see* , Tabl e 16 , p .151) . 
A ' 'Megatron Light 1·1eter" (see Appendix 2 , p .405) was used to monitor the 
light levels obt a i ned inside the test enclosure. Light readings were 
taken at both the 2K and 5K level on the meter . To obtai n light read-
ings during treatment tests , vii thout disturbing the subject ' · the 1 ight 
meter \vas placed behind a partition, with its sensi ng device fixed to 
the subject ' s work surface (see Fig. 13 , p .119 ) . 
Thermal control for the test enclosure Has provided to r e inforce that 
provided in the laboratory i tself . Sever al portable , and manually con-
trolled heat and ventilating devices were used to provide the addi·tional 
thermal control . The test enclosure humidity was only i ndirectly con-
trolled by variable use of these additional controls . 
Re commended thermal conditions for an indoor , sedentary task , are found 
to range bet\veen 20 to 23 . 3 °C ( 68 to 74 °F) . Recommended r el ative 
humidity for such i ndoor condi tions is usually found to r a nge between 
35 to 55 per cent (see Nolan, 1960; Edholm , 1967) . Thermal conditions 
within these recommended ranges were sought for the test enclosure . To 
obtain readings during subject testing, "Baird and Tatl ock" dry bulb and 
globe thermometers v1ere used. The sensing end of these thermometers 
protruded through a partition 60 cm from the subject . One \•Jas l ocated 
a t 1 27 cm and the other at 30 cm from the floor. A "Casella Whirling 
Hygrometer" \·las used i n various locations about the test enclosure to 
measure relative humi dity. 
Noise control was mainta ined primarily by closing off all access to the 
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research laboratory. Noises from outside the buildi ng 1:1ere usually 
masked by the mechanical background noise of the heat and ventilating 
systems within the laboratory. Rubber matting materi al was laid out-
side the perimeter of the test enclosure , thus controlling feet s huffl -
ing , i . e . noises from the author and photography assistant duri ng test-
ing periods . 
Recommended noise conditions for seated study usually range between 30 
to 70 dBa. Within this range , such study i s able to continue , normally 
undisturbed and without adverse physical r esponses ( see Broadbent 1958 , 
and others) . No precise sound pressure level was purposely sought for 
the test enclosure because of the l arge acceptable range , and t he 
possible monotony of a constant sound level . However, it was thought 
that the sound 1 evel should be kept within the 30 t o 70 dB a range . It 
has been indicated by Grall and Matulionis (1971) and others that , beyond 
70 dBa, the autonomic nervous system can be activated. While below 30 
dBa, auditory t onus of attention is said to be lost (see Broadbent , 1958) • 
., 
A "Bruel and K jaer " sound level meter was used (see Appendix 2 , p .405) 
to take the sound pressure readings . The microphone of the meter was 
located at a seated subject ' s ear h eight , as determined for the 50 per-
centile male . The microphone protruded through a partition, 60 cm f rom 
the subject ' s right ear (see Fig. 13, p .119) . The sound level readings 
recorded were we ighed for the various band frequency characteristics , as 
est ablished by the Acousti cal Society of Ameri ca (see Beranek , 1960) . 
The mean sound pressure l evels dur ing each treatment test were calculated 
at 4 K Hert z , and with the three bands averaged to give a full , sound 
pressure spectrum. 
The Sedentary Support- Work Surface , Testing Device 
Between Experiments 3 and 4, a specially designed , sedentary support-
work surface testing device was constructed (see Fig. 20 , p.l62 ) . 
This test i ng device vras primarily made of pre- cut timber , aluminium , 
polystyrene glides , polyurethane foam , cotton sheet i ng, and assorted 
hardware . The test i ng devi ce was made to function as a single unit , 
with highly adjustable and interchangeable components . 
The need to build such a test i ng device developed because i t \-ras 
impossible to find a readily available seat and work surface \-rhich were 
representative of t he desired T1 and T2 specifications. Also , there 
vras a need to " fix" the seat and \vork surfaces into a single unit , which 
co~ld not be moved out of place , whilst in use . This need was rein-
forced by the Bri t i sh Standards Institution (1965) statement 71' ••• chair 
and desk should be considered as one unit ." 
Thus this testi ng device v1as designed so that a vli de range of stati c , 
sedentary support- work surface configurations could be formed from one 
unit . Wi thi n a f e ,-r minutes , the device could b e adjusted , and compon-
ents interchanged t o make a completely different configuration form . 
Many small desi gn vari ables were taken into cons i deration when construc-
ting this testi ng devi ce . The materials , size and colour of the work 
surfaces , the i nterchangeable seat pans and seat backs , were al l of an 
equivalent nature . 
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FIGURE 20 
Experiment 4. The adjustability, and other features of the specially 
designed sedentary support- work surface testing decice is shown. 
Seat Pan and Seat Back Surfaces . 
Checking adjustment with a template . Seat Pan and Seat Back Depth . 
Seat Back Angle . Work Surface Height and Angle . 
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For the non- ergonomic T1 condition test periods , the configuration of 
the testing device was adjusted until it conformed to the mean dimen-
sional specifications of the standard office seat and \vork surface 
(table) as given by the British Standards Institution (1965) , and 
Shackel (1969) . The specifications for this configuration as was 
previously used i n Experiment 3 are given in Table 14, p. 122. These 
specifications were derived primarily from the findings of Shackel 
(1969) , who catalogued and subjectively tested ten popular and commer -
cially available chair configurati ons in the non- adjustable office-
t~e furniture category. Shackel (1969) indicated that the dimensional 
specifications for these ten chairs varied considerably with r espect to 
1965, BSI·- 3893 , recommendations , for this same category of seating. 
Thus the T1 sedentary support- work surface configuration used , as one 
of the two treatment conditions , in Experiment 4 , was representative of 
the average of the non- adjustable office- type chair available in 1969 . 
The average specification for a natural \-Jooden ~rork surface , table or 
desk for near visual tasks was used for the T1 work surface (see BSI 
1959 and 1965) . 
For the ergonomic T2 test condition the configuration of the testing 
device was adjusted until it conformed with the average of the most 
current human factors principles and data (see Table 17 , p .l54) . In 
order to meet these principles , etc., the configuration used for T2 
testing had to be adjusted to fit the individual users . Past ergonomic 
and anthropometric studies of seating indicated that comfort and seating 
evaluations were usually better when the seat configurat ion is adjusted 
to fit the individual (see International Labour Office , 1971 , p . 1 294 ; 
BSI-3893 , 1965 , p . 6; Shackel 1969 , p . 286 ; Kroemer , 1969) . The need 
for adjust able seating and its character has been indicat ed in the 
literature , see Kroemer (1969) and: 
"The use of an adjustable chair , with the most appropriate \vork 
surface height will permit a greater number of individuals in 
any group to enjoy comfort and minimum of fatigue ." BSI , 1965, p . 7. 
A description as to how adjus-tments of the ·testing device were carried 
out v-rill be given in the Biplane Photography Procedures , see pJ.86 . 
Cumulative recommendations for seat cushioning have been given · in BSI-
3893 (1965 , P• 11) . A significant addition to these recommendations has 
been made by Notley (1971 ) . His study found one cushioning weight 
distribut i on pattern to be best ( see Fi g. 21 , p .l65 ) . A combination of 
these ergonomic r ecommendations was used for the cushioning specifications 
in the (T2) ergonomic sedentary support treatment condition. 
The basis for providing a sloped, approximately 20 degree , work surface 
as part of the T2 treatment condition came from a seven year study 
carried out on 40, 000 students by physicians and optometrists ( see Texas 
Interprofessional Commission on Child Development , 1943; and Harmon , 1949) . 
T~y have convincingly indicated that when two dimensional near visual 
work was done using a 20 degree sloped surface , as compared to a horizontal 
surface , two major benefits were derived: (a) it allowed the adjustment 
of eyes , head and t otal posture to reinforce a most efficient optical 
functioning, and (b) subjects could efficiently maintain a clear resolu-
tion of visual image (see Fig. 1 , P·28 and Fig. 22 , p . l66) . 
For the T2 treatment condition, the configuration of the sedentary support-
work surface t es·ting device was adjusted; to fit the size , e-tc. , of the 
individual subject , incorporated bidensity cushi oning , and allmved the 
sloped work surface to be adjusted in height and distance to the subject 
when seated. 
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FIGURE 21 . 
Experiment 4. The ergonomi cally designed bidensity cushioning used on 
the seat pan in the ergonomic (T2) sedentary support- work surface 
configuration treatment condition. 
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FIGURE 22 . 
Experiment 4. The r eading- writing work surface as used in: (a ) the T1 
or non- ergonomic , and (b) the T2 or ergonomic , sedentary support- work 
surface configuration treatment conditions , and (c ) how the work surface 
i n T2 was arranged. 
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In general , ·the aesthe-t i c and touch stimuli of both trea·tment conditions , 
T1 and T2 , were though-t to be neutral . The use of a common testing 
device structure , i . e . made up of common materials , etc . 1 was primarily 
the reason. The selection of materials , such as the cotton sheeting 
used to cover the seat pan and back , were based on r ecommendations i n 
the literature , or on what was u sed in the T2 condition. 
Many of the specifications used to determine the final confi gurat i on of 
the two treatment conditions , i . e . T1 and T2 , were of little consequence . 
However , three major differences were purposely imposed by the author 
and maintained between t he non- ergonomi c (T1) and ergonomic (T2) sedent-
ary support- work surface configurations , includi ng: 
(a) WORK SURFACE SLOPE , 
(b) AMOUNT AND KIND OF CUSHIONING ON THE SUPPORTIVE SURFACES OF THE 
SEAT , and 
(c) ADJUSTAJ3ILITY OF THE ENTIRE CONFIGURATION , SUPPORTIVE SURFACES 
AND THE \WRK SURFACES , TO FIT THE INDIVIDUAL SUBJECT ' S BODY SIZE ~ 
Together , these three differences are thought to represent the only 
real , differential stimuli be·tween the non-ergonomic (T1) and ergonomic 
(T2) sedentary support - work surface configurat ion treatment conditions 
used in Ex~eriment 4 (see Fig. 23 , ~ . 168) . 
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FI GURE 23 . 
Experiment 4. The three purposely 
imposed differences between the 
ergonomic based (T2 ) and the non-
ergonomic based (T1) sedentary 
support- work surface configuration, 
test conditions are shown. 
r~·· 'f.~~· I' 
(1) Sloped Work Surface . 
l_ 
(2) Cushioning (bidensity) 
I 
I 
I 
I 
(3) Adjustability Within Ergonomic Specifications To Fit The Individual.~: J 
4. 2. 6 The Apparatus for Subject Monitoring 
All the apparatus and materials used in Experiment 4, for taking blood 
specimens and blood counts , are gi ven in Appendix 2 , p .405 ( see 3 .1 to 
3. 9) , and include a complete descri pt i on of the apparatus and materials 
along with suppliers . The two primary pieces of apparatus , the white 
cell blood pipette and double chambered haemocytometer , are described 
in further detail in Fig. 8 , p. 79 • The use and importance of these 
apparatus and materials have been previ ousl y described in Appendix 1 7 
p . 399 • 
. The primary apparatus and materials used i n Experiment 4, for urine 
sampling and corticosteroid (17- steroid) determinations are given with 
a complete descri pti on of the apparatus and materials , along with 
suppliers , in Appendix 2 , p . 405 ( see 4.1 to 4. 6) . The most important 
material , the corticosteroid standard (hydro- cortisone) used in this 
determinat i on is described i n Fig. 2h, p .170 . The use and importance 
of the apparatus and materials has been previously described in Appendix 
7, p .414 · 
' 
Most of the apparatus used has already been descri bed i n conjunction with 
the earlier experiments . The other apparatus used in carrying out the 
work in Experiment 4 included: (a ) electrical ci rcui t , with swit ch ; 
(b) manually operated "Leitz" projector, wi th a 35 mm film editing 
device ; ( c) Kodak TRI- X safety film ; (d) body part targets; ( e ) . weighted 
wood- bases , for tripods ; (f) two plumb-l i nes ; ( g) 1 cm marked vertical 
scales ; and (h) a postural alignment , recording sheet . 
A specially designed , biplanar \' electronic firing" camera system v1as 
desi gned by the author. The purpose underlying the design of this system 
? IGURE 24 . 
Experiment 3- 5. The molecular structure of t he "Clinton" hydr ocortisone 
compound used as the standard material in the urinary corticosteroid 
assays and the "Cal biochem" standard compound that was comparatively 
tested against the "Clinton" s t andards . 
21 yH20 H 
20 C = O 
--OH 
17 
One important group of adrenal cortical 
hormones is the 17 hydroxy- corticoster-
oids . A distinguishing characteristic 
of these compounds is the presence of a 
hydroxy group and a 2- carbon side chain 
at C-17 . A typical member of this group 
is hydrocortisone shown above . 
The 2- carbon side chain may vary in con-
figuration as one of three major types , 
(a) 20- keto , 21- hydroxy , (b) 20-hydroxy , 
or (c) 20 , 21- dihydroxy. 
The "Cal biochem" Standard Compound 
( produced by Vi stcr) 
The "Clinton" Standard Compound 
The Norymberski method (1) 
determines types (a,b , c) or the 
" total 17- hydroxy- corticosteroids" 
It is considered superior to the 
Porter- Silber (2) and Reddy (3) 
methods which determines only 
type (a) . The Norymberski .method 
is somewhat tedious and difficult , 
\~hile the Porter-Sil ber- Reddy 
r eagent does not react with all 
the various 17- hydroxy- corticos-
teroids , is not accurate , or 
specific with crude extracts . 
(reference : Clinton 1964) 
Formula bruta c21H30o5 Empirical formula Peso molecolare Molecular weight 
Pure steroids for chromatographic 
and photometric estimations 
HYDROCORTISONE 
pregnene- 11 ,17 , ?1-triol-3 7 20-dione 
11 717 21- trihydroxypregn- 4- ene-3 , 20-dion 
17-hydroxycorticosterone 
cortisol 
Kendal l ' s compound F 
In the container there are 25 - 1 mg of 
hydrocortisone at a high degree of purity 
( single spot on T. L. chromatography) . 
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was that a simultaneous record of a subject ' s posture and movement 
in the sagittal and frontal planes was desired. Motorized camera 
systems which would meet this need were commerci ally available , but 
their cost outweighed their convenience , particularly because in 
Experiment 4 there was no need for a rapid photographic rate . Thus 
the manually operated photographic system was devised, in which tvro 
cameras tvere integrated to take simultaneous photographs , by a single 
electrical circuit . This circuit whi ch included a 24 volt power supply 
was broken by one sv1i tch and passed through t\.-o 24 volt solenoids (one 
for each camera) . Attached to the moving shaft of each of the solenoids 
was the plunger of a standard 35 mm camera cable- release . The other end 
of this cable was screwed into the firing button on camera' s body. To 
take simultaneous biplanar photographs , it V>Ias only necessary to turn on 
the power supply, cock each camera, and close the circuit with the switch 
( see Fig. 13 , p . ll9 , and see Photography Procedure , pp 186 to 199 ) . 
There vias only one piece· of apparatus used to carry out the subjective 
response measurements in Experiment 4. This was a guestionnaire . The 
questi onnaire was desi gned with reference to work carried out by Bennett 
(1963) and Duncanson (1970) . The questionnaire was designed to be used 
verbally. There were three primary purposes for its use : ( 1) to obtain 
pretest control data on each subject , ( 2) to obtain a subject ' s estimate 
of comfort as experienced just before , during, and after, his treatment 
test , and ( 3) to obtai n comparative data relating to the subjects ' evalua-
tion of the sedentary support- work surface configurations used. In order 
to meet the above requirements , the questionnaire \·Ias broken down i nto 
four major parts , (see the questionnaire in Appendix 12 , p. 428) . 
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The pre- and post- test questions pertaining to various degrees of comfort 
\~ere purposely mixed in order to help maintain the subject ' s attention 
and to minimize the occurrence of unsolicited responses . A response 
recording sheet incorporating a response coding system was designed, in 
which the question numbers could be recorded against the particular 
subject , his particular treatment test , and the parti cular part of the 
test . Thi s recording sheet was then used, at least in part , to analyze 
and compare the data obtained. The full use and i mportance of the 
questionnaire is described in the Procedures part of Experiment 4. 
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Four pieces of apparatus were used to obtain the performance measure in 
Experiment 4. This apparatus was in the form of two sets of Cl oze 
Procedure reading materials , i . e . H~ 1 to 5, and Rm 6 to 9 (see Appendix 
13 , pp. 433 , a- o ) (!M 1 to 5 and Rm 6 to 9 are given in full only in the 
ori ginal copies of the Thesis ) and (Appendix 14, p . 434 ) • 
The subjects were given a near vision reading- writ i ng task on each of 
their two treatment test days . This was to "tie" them to a sedentary 
posture. The reading materials and corresponding answer sheets used in 
Experiment 4 were speciall y prepared, using the Cloze Procedure technique 
described for Experiment 3. 
The final reading material chosen for use in Experiment 4 was first 
evaluated in terms of its r eadi ng di fficulty. It had been found in 
Experiment 3 that not only the amount , but al so the kind, of reading 
materi al given to a subject vrere important factors in determining per-
formance . Ther efore the reading material used in Experiment 4 \'las 
evaluated in terms of its reading difficulty or comprehension ( reading 
.. 
gr_a.de 1 evel ) • A well established technique called the Fog Index was 
applied (see Open University, 1972) . 
As in t he earl i er experiment , a large number of topical articles from 
Time Magazine (European edition) were formed into sets . Each article 
within the set was then evaluated according to the Fog Index, in the 
following way: ( 1) encircle the first 100 words as a sample , ( 2) count 
the number of sentences i n the sample , (3) count the total number of 
words in sentences i n the sample , (4 ) cal culate mean l ength of sentences , 
in words , (5) count the number of three syll abl e words in the sample , 
( 6) calculate the reading difficulty by adding 4 and 5, and then multi-
plying by the Fog Index factor of ".43", ( 7) carry out 1 through 6 for 
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each article in the set of reading material , (8) then calculate the mean 
reading difficulty for the set of reading material . 
The above was done until tv1o sets of reading material came to have nearly 
the same mean reading difficult y. The result of this effort was RM 1 to 
5, and Rm 6 to 9. The Fog Index evaluation of each article ma~ing up 
these two sets of reading material is given in Table 18 , p.175 . :m~ 1 to 
5 was found to have a mean reading difficulty of 13. 1 , whereas Rm 6 to 9, 
13. 5 . The editor of Time magazine reinforces these results by indicating 
that his materi al i s written for people fourteen years , and older. 
TABLE 18 
Experiment 4 . Tl-!O sets of r eading material (RM 1- 5 and m~ 6- 9) \·Jere 
carefully selected. Then each section of the reading material was 
evaluated , based on three criteria , as to its reading difficulty. The 
data given below were the result of applying the Fog Index evaluation 
technique (see Open University, 1972). 
100 
word 
sample 
1 • 1 
1. 2 
1. 3 
2. 1 
2. 2 
3. 1 
4· 1 
4 . 2 
5.1 
5. 2 
5. 3 
-X= 
6. 1 
6. 2 
6. 3 
6. 4 
7 . 1 
7. 2 
8 . 1 
8. 2 
9. 1 
9. 2 
-X 
No . of 
sentences 
in sample 
6 
5 
5 
4 
2 
5 
4 
3 
6 
4 
4 
3 
7 
4 
2 
6 
6 
5 
3 
4 
2 
No . of 
v1ords in 
sentences 
94 
86 
80 
76 
82 
96 
86 
84 
95 
89 
84 
86 . 5 
67 
96 
90 
69 
94 
86 
88 
88 
95 
70 
84 . 3 
(a) mean (b) No . of or % FOG INDEX reading 
sentence of 3- syl1able grade level = 
1-10rd length t,.Iords in sample (a + b) x . 43 
15 . 7 
17. 2 
16 .0 
19 .0 
41.0 
19 . 2 
21.5 
"28 . 0 
15. 8 
22 . 3 
21.0 
21.5 
21.3 
13 . 7 
22. 5 
34-5 
15. 7 
14 . 3 
17 . 6 
29 . 3 
23 . 7 
35 . 0 
22 .8 
15 12. 3 
8 10 . 1 
14 12.0 
16 14. 0 
10 20 . 4 
6 10 .1 
17 15. 4 
10 15. 2 
12 11 .1 
7 11 . 7 
8 11 . 6 
11.2 RM 1- 5 = 13. 1 
15 14.5 
7 8. 3 
11 9. 4 
10 17 . 8 
12 11 . 1 
15 11.7 
8 10 . 2 
14 17. 3 
12 14. 3 
12 18 .8 
11.6 RM 6-9 = 13 . 5 
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4. 3 Methods , Including Subject Selection and Testing i n Experiment 4 
4. 3. 1 Subjects 
The criteria for volunteer subject selection in Experiment 4 were as 
follows :- each subject (a ) to be under thirty years of age , to minimise 
the potential influence of diminishing capacity for visual accommodation 
that goes with age , (b) to have a minimum of 6/5 meter visual acuity, 
with no more than . 75 diopter of hyperopia or myopia , (c) to have no 
more than . 50 prism diopters of astigmati sm , (d) to have no uncompen-
sated occular muscle imbalance , to minimize the chance of visual fatigue 
occurring during the sustained reading task , (e ) to pass the Health 
Screen , that concerned past and present physiological abnormalities and 
conditions , (f) to be available on certain days and for certain amounts 
of time for sample collection and treatment testing, and (g) to be 
willing to carry out various control experimental procedures . 
Several weeks prior to being involved in the experiment , each subject 
had his health screened (see Appendix 15 , 1 . 1 to 3.2, p. 435 ) . Past or 
pr~sent ailments that were thought ~ikely , on the basis of indications 
in the literature , to influence an individual ' s blood chemistry or bio-
mechanic character were of particular concern. For example , many 
allergies have been found to affect man ' s eosinophil l evel (Diem , 1 962) . 
In all cases of doubt as to a subject ' s previous or present health, and 
thus possible influence on the measures to be taken in Experiment 4, 
were excluded. If a potential subject passed the health screen he was 
then examined optometrically. This examination was carried out by a 
competent optometrist to ensure that each subject satisfied the visual 
requirements mentioned above (see Appendix 15 , 4.1 to 4.7, P435 ) . 
Each subject who passed both the visual and health screens (see Appendix 
15 1 5.1 to 6. 1 1 p .435) \-las assigned a number and provided \·Iith a ' Subject 
Control and Instruction Handout ' ( see Table , 19 p .l78) . The author 
then v:ent t hrough the information on the handout with the subject . The 
subject was assigned four consecutive weekdays , on l-lhi ch he agreed he 
could be present for experimental purposes and was then given a day- by-
day time schedule (see Table 20 1 p .l80) . This schedule provided the 
exact experi mental time and activity commitments he would be required to 
undertak~ . 
Fifteen subjects were found suitable for t esting in Experiment 4. Four 
of these were caucasi an females 1 ten \'Jere caucasi an males , and one male 
was of Indo- Aryan origin. The subjects ' ages ranged behteen 18 and 29 
years . Four of the subjects , two males and two females , came from what 
can be considered to be non-sedentary occupations . 
The sub ject s , considered as a group , were reasona~ly homogeneous , despi te 
the fact that four of the subjects originated from non- British cultural 
b~ckgrounds . All were young , from ' middle class ' families , had good 
body mass proportion for their size , right handed, had good vision and 
were in good health . All had been living in Britain for a minimum of 
tl'TO years (see Tabl es 21 and 22 1 pp . 183 to 185). Thei r educat ional 
attainments varied between high school and university levels . 
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TAJ3LE 19 
Experiment 4· - 5. An example of a Sub ject Control and Instru·ction 
Handout . 
I ntroduction 
A post graduate i nvestigation at Loughborou~~ University of Technology, 
Department of Ergonomics will soon be carri ed out . The investigation 
will be concerned vli th various aspects of seating and posture . In 
order to pursue this r esearch , we ar e currently i n need of volunteer 
subjects . The following indicates a volunteer' s commitment . 
Overall Involvement 
If you volunteer to be a subject you first v1ill be asked a series of 
questions by the investi gator , about your physical health . Next you 
will need to have your eyes examined. This vrill be arranged for you , 
at your convenience , and free of cost . The exami nat ion Hill 'take place 
at a qualified optometrist ' s office in Loughborough . If you pass both 
of these two screening procedures , your partici pation in the Experiment 
may begin. 
Subject Commitment 
A series of experimental tests will require your co- operation to various 
extent s through four full consecutive days . The pattern of invol vement 
includes the following phases : (1) the pre- norm day observances , ( 2) the 
first norm day, with a 24- hour urine sample collected and three ten 
minute afternoon sampling periods , (3) the first three hour aft e rnoon 
test , ( 4) the second three hour afternoon t est , and ( 5) the second norm 
day \vhich will foll 0\·1 the first norm day' s activity. 
attached Subject Schedule , for details . 
Please r evievl the 
1(8 
l 
--- -----
TABLE 19 (contd. ) 
Subject Control 
Within the 24- hours prior to the start of the first control or norm day 
sample collected at 1030 hours , please abide by the following: 
( a) Go about your daily routine and level of activity, avoiding any 
excessive changes or extremes from your norm. 
(b) No violent sport activity within 6 hours of any sampling period. 
(c) If at all possible , avoid any continuous , 1- hour or longer , periods 
-
of sedenta~y work during 1030-1700 hours . If this is not feasible 
allm.,r a minimum of 10 minutes relief activity per every hour you 
sit . Thus a maximum of 2. 5 hours of sitting during this period is 
allmvable . 
(d) Eat and drink within your normal rate of intake , avoiding 
excessives from your norm. 
(e) Avoid at all times any ~oderate or l arge alcoholic intake . No more 
than 1- pint of beer or 1. 25 oz . (short) per any 24 hours . 
(f) Follow your routine sleeping habit ; being sure not to get less than 
6 hours of s l eep per day. 
( g) Do not take any stimulants or drugs . Any abnormal or non daily 
pill or medicine intake should also be avoided. 
(h) Personal artefacts control is also necessary due to photographic 
and seating requirements . This control includes: wearing casual 
clothing that is not bulky, females wearing slacks , and all viearing 
simple , street shoes . 
Subject Incentive 
A SUM OF TEN POUNDS WILL BE AWARDED TO THE SUBJECT WHO ACHIEVES THE 
HIGHEST SCORE ON A READING AND WRITING TASK DURING THE EXPERTIJfENT . 
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TABLE 20 
Experiment 4-5 . An example of the day by day experimental testing 
schedule which was given to and filled in by each volunteer subject. 
Phase 
No . 
1 
2 
( 
(day ) 
(date ~ 
( ) 
( 
( 
( 
( 
) 
) 
Time. 
1030 
Involvement Required 
24 hours before the first ~orm day urine sample is 
to be collected , review and abid~ with the "Subject· 
Instructions" . 
1030 Urinate , so as to empty the bladder completely , 
however , do not collect . Do not urinate again 
until 1330 1 at which time the volume excreted will 
be collected . If it is not possibl e to wait until 
1330 , save volume that is excreted in flask pro-
vided and bring to lab at 1325. 
1325 Appointment begins in the Post Grad. Research Lab . 
1 330 Urinate , volume will be collected in a separate 
1700 
2100 
flask , after which a blood specimen will be taken 
by means of a finger- prick . 
(return to lab and the 1 33Q procedure is repeated) 
(return to lab and the 1330 procedure is. repeated) 
After which , you will then use a large urine con-
tainer to collect any volume excreted up to and 
including 1030 the next morning. 
~ 1030 Urinate 1 a nd collect volume in the overnight con-
tainer. 
1035 Return the overnight container of urine to lab . 
1325 Appointment for first experimental test in the lab . 
1330- Urinate , volume will be collected in a separate 
flask , after which a blood specimen will be taken. 
1340 Stand and rest in 1 ab (on T2 experiment day you vJill 
be seated shortly in order to align cameras and 
adjust the seat and work- surface , configuration to 
your body size . ) . 
1 350 A r eading- writ ing t ask to be car r i ed out duri ng the 
t est will b e expl a ined . 
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TABLE 20 ( contd . ) 
Phase ( day ) 
No . ( date) Time Involvement Required 
4 ( ( 
) 
) 
1355 
1400 
Sit , and you \vill be given a verbal questionnaire . 
Exoerimental test one begins , task is performed 
during the next three hours at your own pace . 
1700 Test one ends . 
1701 Verbal response questionnaire l·iill now be continued. 
1706 Urinate , volume •.-1ill be collected in a separate 
flask , after which a blood specimen will be taken . 
2100 (return to lab and the 1706 procedure is repeated) 
After whi ch , no further urine is collected that PM . 
1030 Urinate so as to empty the bladder completely. 
However , do not coll ect . Do not urinate agai n until 
1330 , at which time the volume to be excreted \vill be 
collected. 
1325 Appointment for the second experi mental t est in the 
lab . 
1330 (repeat the activity in phase-3 1330) 
1340 
1350 
1355 
1400 
( 
( 
( 
( 
" 
11 
" 
11 
" 
" 
11 
1700 Test t wo ends . 
11 
11 
11 
11 
11 
" 
11 
11 
" 
11 
11 
" 
1340) 
1350) 
1355) 
1400) 
1701 The verbal response ques tionnaire will now be 
continued . 
1706 Urinate , volume viill be collected in a separ at e fl ask , 
after which a blood specimen will be taken. 
2100 (return to lab and the 1706 procedure is repeated) 
After which , no further urine is collected that PM . 
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TABLE 20 ( contd.) 
Phase ( day) 
No . (date) Ti me Involvement Required 
5 ( ) ( ) 1030 (repeat the activity in phase- 2 1030) 
1325 ( 11 " " " " 1325) 
1330 ( 11 " " " " 1330) 
1700 ( " 11 " " " 1100) 
2100 ( 
" " " " " 2100) 
1030 Urinate , and collect volume in the overnight 
container . 
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I-' 
CO 
w 
fl's 
No . 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
12 
F x 
M x 
Sex 
M 
M 
!-~ 
M 
M 
M 
F 
M 
M 
M 
F 
F 
M 
M 
F 
ht . 
Age (cm) 
24 170.0 
24 173 .0 
25 184.0 
23 186.0 
29 185. 5 
18 l 72. 5 
24 157. 5 
21 175.0 
21 169.0 
22 186 .5 
2l 160.0 
21 168.0 
25 175. 5 
22 176 .0 
23 172.0 
22 . 3 164.4 
23 . 5 177. 5 
wt . 
.t:lOdy metaboll.c Knee 
area rate (k jf crease (kg) (sq .m) sq.m/hr) Ht . (cm) 
56 .0 1.63 162 55 . 3 
56 . 5 1.67 157 50.8 
83 .0 2.41 143 53 . 3 
71.0 1.95 163 55. 8 
6[ .0 1.88 158 5'7 .8 
67 .0 1. 78 157 52 . 5 
50 .0 1.47 154 49 . 5 
73 .0 1.87 169 52.0 
66 . 5 1. 76 168 49 . 5 
. 
'71.0 1.95 164 5'7 .6 
47 . 5 1.46 157 45 . 7 
58 .0 1.65 151 50 .8 
75 .0 1. 89 166 49 ··5 
64 .0 1. 77 164 53 . 3 
66 .0 1. '7'7 148 50 .8 
52 ·4 1. 52 153 42. 2 
68 . 2 1.87 161 53 . 2 
el bow- mJ.<l Level of 
finger handed- cultural Occupa- physical 
length( cm) ne ss background tion activity 
txJ 8 
>< E;j 
'd 
(I) t"' 
'i txJ 
..... 
44 .4 Rt . · Bulgarian student V. active 3 rv (I) -> 
47 . 5 Rt . English technic . M. active 
::s 
n-
50 . 3 Rt . English research V. act ive 
+>-I 
\.J1 
' 
. 
49,.5 Rt . English student active 
49 . 5 Rt . English technic . active 
46 .9 Rt . English student active 
41.9 Rt . American stewardess active 
'c:rl 
Ill 
~ 
0\1 
'i 
0 § 
43 .1 Rt . English student M. active p. 
42.4 Rt . English student V. active 
p. 
Ill 
n-
48 .0 Rt . English student Ill partially 
' 0 
39 . 8 Rt . English student partially 
::s 
n-
::r 
41.9 Rt . Engl ish student M. active (1) 
46 .9 Rt . Indian student active 
H) 
..... 
H) 
n-
44 . 9 Rt . English student M. active (1) (1) 
t:S 
42.4 Rt . Swiss rece;etionist active (/) g, 
41.5 u. (1) 
() 
46.8 n-(/) . 
* 4.184 KJ = 1 Kcal 
* 2. 54 cm = 1 inch 
Rt. eye Lt . eye visual degree of f ar vision near vis ion muscl e t;>:j 8 X &l S' s visual acuity visual acuity deficiency astigmatism muscl e balance muscle balance i mbalance '0 CD fu No . (m) (m) (diopters) (prism diop . ) compensated 'i ...... 
3 1"\) 
61 6 6 I 9 2 exo • 3 CD F\) 1 Rt - • 25 eso yes ;:s 
. 5o I - c+ Lt - • 25 X 90 
-1=:> 
2 6 I 5 6 I 5 Rt - . 25 I - . 25 X 55 2 2 I eso . exo . yes V1 
Lt - • 50 
6 I 5 6 I 5 • 25 1 - . 25 X 65 10 td 3 Rt + exo . exo . yes Ill 
Lt + • 25 I - . 25 X 140 ~ 
4 6 I 5 6 I 5 Rt + . 5o I - • 25 X 150 • 5 eso 1 ~ exo ye'f3 0 
Lt + . so I - • 25 X 180 ~ ;:s 
* 
p.. 
5 6 I 5 6 I 5 Rt . oo 1 exo . 8 exo . yes <: 
Lt + . 25 I - . 25 X 60 1-'· (f). ~ 
6 6 I 5 61 5 Rt - . 25 2 exo • 1 eso . yes !l> ....... 
Lt - • 25 p.. 
* • 25 I :. !l> 7 6 I 6 6 I 6 Rt . 25 X 90 4 exo . c+ + exo . yes !l> 
Lt + • 50 0 ;:s 
8 6 I 6 6 I 6 Rt • oo • 5 exo • 4 exo • yes c+ ::r Lt . oo CD 
9 6 I 6 6 I 5 Rt + • 50 1 exo . 8 exo. yes H) ...... 
Lt + . so I - . 50 X 85 . 5 Rt hyper. H) c+ 
CD 
10 6 I 6 6 I 6 Rt + . 25 I - . 25 X 180 . 5 eso . 4 exo. CD yes ;:s 
Lt + . 25 I - • 25 X 180 • 5 Lt Hyper. (f). g. 
c.... . 
CD 
0 
c+ 
(f). 
. 
1-' 
CP 
\]1 
I 
Rt. eye 1t . eye visual degree of, 
S 1 s vi sual acuity visual acuity deficiency ast i gmatism) 
No . (m) (m) (diopters) (prism diop . 
11 61 6 6 I 6 Rt . 00 
1t .oo 
6 I 6 I I 12 6 6 Rt + . 25 
1t + • 25 ' 
13 6 I 6 6 I 6 Rt - • 25 1 - . 25 X 10 
1-t - .25 I - • 25 X 5 
I 
14 6 I 6 6 I 6 Rt + • 25 I 
1t + . 25 1 - . 25 X 75 
15 6 I 6 6 I 6 Rt - • 75 I - . 50 X 70 
1t - • 75 I - . 25 X 100 
Fx = 6 I 6 6 I 6 Rt :!: • 31 
1t + • 38 
-
M - 6 I 5. 6 6 I s. 1 + . 25 X = Rt -
1-t + • 32 
-
* over contact lens 
exo . = exophoria , muscle devi at ion away from visual axis . 
eso . ~ esophoria , muscle devia-t ion toward visual axis . 
orth . = orthophori a , no deviation. 
far vis i on near vision muscle 
muscle balance muscle balance imbalance 
compensated 
1 exo . 1 eso . yes 
2 exo . . 5 eso . yes 
1 exo . 2 exo . yes 
. 5 eso . 3 exo . yes 
ortho . 4 exo • yes 
' 
1 . 0 exo . - 4 . 0 exo . -
.o eso . 0 . 8 eso . 
1. 3 exo . 
-
6.0 exo . 
-
0 . 9 eso . 4 . 0 eso . 
- -- -- ---------------------------------------------------
4. 3. 2 Procedures 
Three methods for measuring subjects ' physiological responses were used 
in Experiment 4. 
The blood count and analysi s techni ques in Experiment 4 fol lowed that 
used previously in Experiments 1 to 3 ( see Appendix 1 , p .399 ) . 
The urinary corticosteroid (1 7- s t eroid) determination t echnique used in 
Experiment 4 followed that used previ ously in Experiment 3. 
Photogr aphy has been used in many fields of research , especially i n 
physical educat ion and kinesiology, as a convenient means of graphi call y 
r ecor ding changes i n posture . With this t echnique accurat e records of 
shif-ts in alignment and posture can be obtained (see Water land, 1967 ) . 
The usefulness of taking biplanar photogr aphs was confirmed in prelimi-
nary Experiments 1 and 2. A more preci se measur e of post ural change 
was used in Experiment 47 i n which a specially designed, biplanar , 
stil l camera system was used to record s imultaneously a subject ' s postu-
ral movement in the sagittal and front a l planes . 
Thi s t echnique was used in Experiment 4 to record overt visual and bio-
mechanic change . The biplanar photographic procedures used i n Experimen~ 
4 can be broken down into three parts : (1) al ignment of the subject for 
T1 t est periods and for T2 t est periods , ( 2) photographic sequence and 
(3) analysis of the photographs . 
Subject al i gnment procedures involved the followi ng : (a ) the subject was 
seated (for T2 condition tests the sedentary support- \-.'Ork surface \vas 
fitted to the individual ) ; (b) body point targets ( see Fig . 25 , P · l88) , 
consisting of 3. 0 , 1. 5 and • 5 cm i n di a . marki ng rings , Ne re 1 oca ted 
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by palpation and fixed over the point of the acromion (i . e . at the 
anterior margin of the 7th cervical vertebra) , and over the hip joint 
(representing the centre of the acetebulum (see Fig. 1 , p . 28) ; (c) 
postural movement was pri mari ly ant i cipated in the sagittal horizontal 
(x- axi s) and the frontal horizontal (z- axis) planes . Thus a camera 
was located to take photographs in both these planes (see Fig. 13, p . ll9) ; 
(d) plumb lines were located in the frontal and sagittal planes of the 
subject to represent t he verti cal axes of space ; and (e) a black vertical 
line was taped on to the sagi ttal and frontal plane background panels 
behind the subject . A plumb line was used as a reference l i ne \vhen the 
tapes were attached to the background panels ; ( f) lines were taped on 
to the floor of the test enclosure , as extensions of the two intersecting 
planes established between the cameras and the vertical references (see 
Fig. 13 , P· lJ,2) • 
__ These steps made i t possible to align both cameras so that their focal 
axes inter sected the subject ' s mid-plane perpendicularly as denoted by 
his hip-joint in the sagittal plane and the mid- point of his seat in the 
~ frontal plane . The pl umb l i nes , at the front and to the side of the 
~bject were superi mposed i n the vert i cal lines in the subject ' s back-
ground and both were i n the centre of the field of view seen in the 
camera. 
A . 5 and 1. 0 cm bi plane vertical line scale was used. It consisted of 
t\oTO sheets of whi te hardboard, each 40 cm x 60 cm (see Fig. 25 , p . l88) , 
intersecting at right angles . This scale was placed in the subject 
seating area, at seat height , and adjusted until the mi dline of each lay 
precisely over the plumb line i n the centre of the camera ' s fields of 
viev1 in the sagittal and frontal planes . The scale was then photographed 
in this position. Both frontal and sagi t ·tal plane calibration trans-
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FIGURE 25 . 
Some procedures used in al ignment 
of the biplane cameras to a 
subject , with regard to the 
vertical axes of space . 
-
(a ) Body Par t and Point Target Marker . 
-~ 
) 
(b) Bipl ane Photography-Measurement Scal es , I ntersecting t he Sub ject s Space . 
(c) Anthropometric Measurement , Camera and Plane of Space Alignment Check. 
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parencies '"ere made , so t hat the photogTaphs coul d be analyzed l ater. 
Once the cameras vJere set up as described above , they \·7ere permanently 
anchored at the tripod base , and r emained so throughout Experiments 4 
to 6 , inclusive . Thereafter , only vertical camera adjustments wer e 
made . In the frontal plane camera he i ght vias adjusted so that the 
centre of the l ens was at the same hei ght as the acromion t a r get on the 
subject . 
In the sagittal plane the camera was adjusted t o a vertical height mid-
way between the subject ' s hip- joint and acromion t ar gets . 
In the T1 condition the detailed alignment procedure was as follows :-
( a ) the subject was seated at his work station, 
(b) an example of the Cloze Procedure task \·las placed on the horizontal 
work surface i n front of him , 
(c) he vias asked to read aloud from i t , 
(d) an assistant looked through the l ens of the sagi ttal plane camera 
at the location of the subject ' s hip- joint t arget , 
(e ) if this target was not intersected by t he sagittal plane plumb line , 
then the entire sedentary support- work surface unit was moved 
hori zontally until it did, 
(f) the subject was asked to stop reading , and the reading material 
r emoved, 
(g) the centring of the sedentary support-~·rork surface testing device 
in t he frontal plane was then checked by the assistant against the 
r eference lines on the floor , 
(h ) the author quickly measured with the a i d of a l arge 90° triangle 
the height of the subject ' s hip-joint and acromion t argets from 
the floor , 
( i ) t hese heights were cal l ed off to the assistan·t \vho t hen appropriately 
ad justed both camera heights , and 
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(j) the focus of the cameras on the subjects ' pupillary area was 
checked. 
Figure 26 , p . 191 shows a subject in the T1 condition photographed in 
the sagittal plane . 
The aim of the alignment procedure for t he T2 condition was to start the 
subject in a stati cally balanced work posture that was as cl ose to ideal 
as possibl e . Both his visual and biomechanical mechanisms would be 
allowed to funct ion in balance \vith the task and gravitational demands . 
According to the literature , it was thought that the subject would need 
tonus or muscular effort to maintain only head balance. The r est of the 
body would be afforded t he potential of be i ng able to l.zork at a maximum 
level of efficiency for st at i c muscular activity. 
The procedure for T2 condition alignment was as f ollows : 
(a ) to make ad justments in the seat height (this adjustment was made 
prior to subject arri val , based on his knee crease height ( see Appendix 
16 , p. 438) (as me~sured from the back of the heel to centre of the 
popliteal area) 
(o) to adjust the work surface height , 
(c) then, if necessary, to adjust the seat back depth , hei ght and angle , 
i . e . to kee~ the configuration within the specifications for the T2 
condition, 
(d) to verify the adjustments , using an appropriate template , including 
those for sea t back angle , etc . 
After the subject was seated in the T2 sedentary support- \-JOrk surface 
configuration, the alignment procedures basi cally followed those given 
f or condition T1, there were only t wo exceptions . At step ( d) the loca-
t ion of the sub ject ' s hip- joint t arget and his acromion t a r get wer e both 
aligned ·to the verti cal axis of space , i . e . t o the plumb line in the 
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FI GURE 26 . 
Experiment 4. An example of subject alignment in the sagittal plane 
at the start of a test in the T1 condition. 
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sagittal plane. Ey step (h) , if the entire procedure had already taken 
five minutes , then the subject ,.vas asked to st and and \·Ialk around for a 
feN minutes before step (h) was carried out . 
Cameras and subject alignment for t esting T2 condit ion was complete 
when: (1) the two cameras centre of view intersected the vertical axis 
of the subject ' s mi dplane (see Fig. 27 , p J.93 ) , ( 2) the sub ject' s knee-
joi nt was approximately 2. 5 cm (1 in. ) higher than hi s hip- joint point , 
( 3) the subject ' s elbows hung freely over the back edge of the work 
surface , when the backs of his hands were resting against the work 
surface , and the palms crossed as though he \ver e reading from them , 
(4) both feet were flat on the floor with his lower legs withi n a 88° to 
92° angle with t he floor , (5) the sub ject' s trunk had a sl i ght , forward 
tilt , and (6) full lumba r and buttock support were provided . 
During each 3 hour test period in Experiment 4, nineteen photographs 
were taken in both the sagittal and frontal pl anes , at approximately ten 
minute intervals (see Appendix 17 , p .439) . A complete set of negatives 
was obtained for each of the fifteen subjects \vho took part in Experiment 
4 (for sample prints taken from these negat ives , see Fig. 28 and Fig. 29 , 
pp. 194 to 195 ) . 
Dur ing the t en minutes or so between taking each set of biplanar photo-
graphs , the camer as had to be recocked and certain environmental moni tor-
ing and control activities \vere required ( see Appendix 17 , p .439) . · 
Between successive photographs the author changed the photograph number-
card. This was accompl ished by standing on a stool , outside the test 
enclosure , a nd exchangi ng cards pl aced on a card stand on the partition 
near the subject . Sub jects were informed before the test began that 
this would take place , even though they could not readily see it occur. 
A pre- marked timing clock t'las used to ensure a consistent photograph 
taking sequence 1 as well as to conduc·t other activities on schedule . 
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FI GURE 2T. 
Experiment 4· An example of subject alignment in the sagittal plane 
at the start of a test i n the T2 condition. 
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FIGURE 28 
Experiment 4. 
Simultaneous , biplane 
photographs of Subject 
5 through a }-hour 
reading/writ i ng task , 
while using the (T1) 
non- ergonomic sedentary 
support- work surface 
configuration. 
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FIGURE 29 _ ... 
Experiment 4. 
Simultaneous , biplane 
photographs of Subject 
5 throu~ a 3- hour 
reading/writing task , 
while using the (T 2) 
ergonomic sedentary 
support-work surface 
configuration. 
Black and white , 35 mm transparent negatives provided the record from 
which quantitative data relating to postural change were collec-ted. 
Tri- X film with an ASA rating of 400 was used in the cameras . Photo-
gr aphs were taken wi th an F4 aperture setting , and with the shutter speed 
set a t 1/30th of a second. Used in this way, the film required no 
special processing . 
Seventy- six photographic transparencies were obtained for each sub jec·t , 
i . e . 38 (19 sagittal and 19 frontal ) , during the T1 and 38 during the T2 
tests . Analysis of these transpar encies began by taking either the 
sagittal or frontal pla ne calibrated transparency on which \vas a ma rked 
vertical scale and projecting it on to A4 ( 20. 9 cm x 29 . 8 cm) grid paper. 
The projector position was adjusted until the pro jected centimetre mark-
ings of the verti cal scal e corresponded with the gri d patt ern on the A4 
recording paper . The same basic projecti on, drawi ng, and measuring 
t echniques that were used in the analysi s of subject ' s visual- postural 
behaviour in Experiment was followed again. Previ ous distortion 
problems were , however , avo i ded. There were only a few slight variations 
between Experiments 1 and 4 i n respect of photographic recording tech-
niques a nd the like. These included: - (a ) the number of transparencies 
analyzed per subject , (b) only one subject at a time was photographed in 
Experiment 4 , (c) the 1 cm and better accuracy to which records could be 
made , ( d) the transparencies made in the tv1o planes in Experiment 4 were 
simultaneou s and not approxi mately coincident i n time , ( e ) only t\110 
cal ibration scale transparencies , i . e . onefor each pl ane , were needed , 
( f ) tvw addi ·tional analysis r efer ence poi nt s , i . e . body point target s 
were used in Experiment 4 , and (g) plumb lines wer e used as fixed lines 
of r eference , f r om which the subject ' s body position changes v1er e 
recorded. 
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The 19 transparenci es for a particular sub jec't and plane , in a particular 
experimental condition, were analyzed by dividing· the recordings into 4 
groups . Four to five posi t ion outlines of a sub jec·t were recorded on 
one sheet of grid paper (see Figs . 30 and 31 , pp . 198 to 199) • Thus 
eight visual- postural record sheets f or each experimental condition for 
each subject were obtained. From these records both visual and pos tural 
change v1ere evaluated. 
Three measures relating to posture were used as i ndicants of possi ble 
adverse muscular-skeletal accommodation on the part of the subject . 
These were :-
(1) asymmetric use and positioning of the subject ' s body mass through 
its centre of gravity, i . e . vertical axis of his midplane , 
( 2) sustained periods of static posture indicated by relative lack of 
postural change , and 
( 3) the mean amount of posi tional change which \-Tas exhibited during the 
3 hour test . 
The accommodation of the 1 ens of the subject ' s eye vras considered stress-
' -
ful , and not mer ely adaptative , when either the focal distance , or amount 
of visual asyrrnnetry or face plane/work surface angle lvere in confl i ct 
with appropriate recommendations for the near-vision, 2- dimensional read-
ing- \-Triting task demanded of the subject (see Experiment 1 , p . 98 ) , and 
the Literature Review , p . 23 ) • According to Stolpher (1971 , p . 30) all 
shifts in the face plane from the neutral point of balance (i . e . the 
plumb lines used in Experiment 4) greater than 1 . 5 cm shoul d be con-
sidered stressful. This dividing point i s said to be based on t he fact 
that it can be shown through retinoscopy, that a shift of 1.5 cm from the 
plane of regard will cause a re- accommodation of . 25 diopters . 
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FIGURE 30. 
Experiment 4. An example of body outlines drawn from projected photographic 
transparencies (numbers 1, 2, 3 and 4) representat i ve of the first thirty 
minutes of subject- 6 during the T1 condition. From such dra\vings quantitative 
analyses were made of changes in visual and body posture . The transparencies 
in this example were taken in the sagi ttal plane . 
4 
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FIGURE 31. 
Experiment 4. An example of body outlines drawn from projected photographic 
transparencies (numbers 1 , 2, 3 and 4) r epresentative of the first thirty 
minutes of subject- 6 during the T1 condi t i on. From such drawings , quantita-
tive analyses were made of changes in visual and body posture . The trans-
parencies in this example were take n in the frontal plane . 
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The procedure for administering the subjective response questionnaire 
to subjects in Experiment 4 was as follows . As previously mentioned the 
questionnaire ( see Appendix 12, p.428) was given just before and after 
both the T1 and T2 conditions . The questionnaire procedure began with 
the subject seated in the parti cular sedentary support- work surface con-
figuration to be tested. The questionnaire was verbally admi ni stered· 
to the subject. Fourteen main pre- test quest ions , i . e . 1 .1 to 2. 8 , 
were posed before an experimental condition was admini stered. Question-
i ng went quickly. Mainly yes- no or r ating responses were required. 
Some qual ificat i on questions were asked , depending on the subject ' s 
response to the main questions. 
At the conclusi on of the test sessi on in which either the T1 or T2 was 
administered, the t ask materials were removed and 15 post-treatment 
questions (i . e . 3 .1 to 4.8) posed to the subject . The subjecti ve res-
ponse data obtained for each subject were later transferr ed from the 
questionnaire to a specially designed record sheet . 
subsequently analysed statistically. 
These data were 
The method of administering the Cl oze Procedure , reading \·lri ting task 
was as follows . Approximately 10 minutes before the start of the 
administration of a t est condition, t he subject was shown the particular 
set of reading material and its corresponding ans1.ver sheets , appropriate 
to the condition. Next the investigator ( author) read aloud , the 
instruction given on the first page of the task (see Appendix 13 , p . 433) . 
Any questions put by the subject about t he task \vere then answered. (As 
illustrative materi al , an exampl e of the task , wi th answers provided , was 
given to the subject a few minutes l ater , during the photography align-
ment procedure . ) Three things about the task wer e emphasized to the 
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subject . He via s told that he should: ( 1) fill in the bl ank even if 
unsure of the correct ansv1er ; ( 2) l eave task materials on the work 
surface when tvorking with them ; and (3) if any questions about the task 
occurred during the test period , he should ask for assistance . Finally, 
the subject was asked to remain at the task , as much as possible , during 
the 3 hours , but to work at a pace which was comfortable . 
Later the subject 1 s answer shee·t was corr ect ed against a master- copy. 
The score obtained for each article tvithin the reading material , i. e . 
either RM1 to 5 or Rm 6 to 9, Nas then recorded on a data collection 
sheet . Each articl e in the reading material was i dentified numerically 
on both the answer and r ecording sheets . The percentage of correct 
responses based on the total number of possible correct responses for 
each set of reading ma t erial constituted the subject ' s performance 8core . 
Da t a from these scores were l at er analysed statistically. 
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4.4 Presentation of Results Obtained in Experi ment 4 
Scope of the Experimental Results 
The resul t s of Experi ment 4 compri sed 1290 items of raw data , collected 
from fifteen subjects t o whom two treatment condi tions were applied. 
These were const i tuted as fol lows :- 540 measurements of biochemical 
response , 570 measurements of vi sual- postural change , 60 measurements of 
subjecti ve response , 30 measurement s of task per formance , and 90 measure-
ments of envi r onmental condition. Each subject contributed 86 items of 
i nformat ion t o the total i nput . 
In or der t o test f or the presence of s i gnifi cant differences between the 
t wo treatment condi t ions , measures of physiol ogi cal adaptation, sub jective 
r esponse and task perf ormance were f i rst exami ned separately from a 
stati sti cal point of view . Subsequently i nterrel at ions between measures 
were exami ned. 
Envi ronmental Condition Results 
Raw data relat i ng t o the envi ronmental condi t ions i n which subjects 
! ( 
carried out t heir t es ts i n Experi ment 4 are gi ven in Table 23 , p. 203 . 
No detail ed statisti cal analys i s of these resul t s was undert aken for 
reasons gi ven in t he Discussion. However , t he fo rm of t he data clearly 
i ndicates t hat environmental condi t i ons for each t reat ment were essent i -
ally the same . The mean sound, light , thermal , and relative humi dity 
l evels mai ntai ned i nside the test enclosure , duri ng the T1 and T2 test 
periods , were wi thi n the r ecommended ranges gi ven in the literature . 
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TABLE 23 
Experiment 4. Mean sound, light , temperature and relative humidity levels 
whi ch were recorded inside the test enclosure , for each of the fifteen 
subjects during condi t ions T1 and T2. Each mean i s based on 3 values. 
Femal es are bracketed. 
Sub- Av. sound pressure Av . amount of Av. temperature Av. relative 
ject (decibels) at light(lu.x) on level (deg. C) humidity (%) 4Khz work surface No . T1 T2 T1 T2 T1 T2 T1 T2 
54 43 755 730 21.1 21 . 6 40 46 
2 59 58 700 665 20. 5 19. 4 39 43 
3 56 44 665 730 21.1 22. 2 44 40 
4 53 49 665 755 21.1 20. 5 39 45 
5 50 58 655 700 21 . 6 20. 5 32 47 
6 53 52 635 765 19. 9 21.1 39 36 
( 7) 51 50 665 700 18. 8 18 . 8 33 36 
8 50 52 645 765 21.1 21 . 6 48 44 
9 50 45 720 720 21.1 22. 7 46 41 
10 57 53 720 720 20. 5 20. 5 52 41 
(11) 46 48 665 720 21 . 6 22. 7 47 36 
(12) 51 44 655 700 20. 5 22. 2 59 53 
13 46 44 655 755 20. 5 21. 6 60 52 
14 52 45 645 665 23. 3 23 . 3 49 46 
(15) 55 57 645 665 25 . 5 23. 8 43 41 
36 - 34 - 600 - 640- 18 . 3 - 18. 3 - 29 - 32 -range 64 62 780 880 26 . 0 24 . 4 62 58 
mean 52 50 672 717 21.2 21 . 6 44 43 
* (based on dry and \'let bulb r eadings) 
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Blood Count Results 
Ravt data relating to the total white cell blood count (\VBC) per cu. mrn • . 
of peripheral blood in Experi ment 4 a r e given in Table 24 , p . 205 . The 
mean WBC for all subjects on norm days ranged between 3375 and 9560 , and 
between 3140 and 9320 on test days . The overall distribution of the 
~me is shown in Fig. 32 , p . 206 . Because of the somewhat positively 
ske\•Ied d i stribution of the ~me , the data were transformed to make them 
rrore normal i n di stri bution. Each of the 180 mean WBC Nas transformed 
into the l ogari thm ( . to the ba,se l O ) of WBC . rrhese log HBC are given 
in Table 25 , p . 207. 
The log vmc from Experiment 4 \-vere subjected to an analysis of variance 
as shown in Table 26 , p . 208. Results of this analysis indicated that 
subjects and times exerted a significant effect (at 1 per cent level) 
upon the log \-!BC . However , nei ther days (including trea.tment tests) 
nor any combi nati on of subjects , days and times , exerted a significant 
effect upon log vmc . Thus insofar as log \-lBC may indicate overall 
systemic change , no differential effects were demonstrated between norm 
and treatment days . 
Mean log WBC and i ts associated standard error (SE) for each time are 
given i n Table 27, p . 208. The mean l og WBC obtai ned for different t i mes 
v1ere compared by " t " test , the results are shown i n Table 28 , p .208 . 
S i gnifi cant differences (at 1 per cent level ) were obtained for two of 
the comparisons . Log WBC at 1700 were higher than at 1330. Further-
more , log WBC at 2100 were h i gher than at 1330. The log WBC at 1700 
"tere nearly signi ficantly h i gher ( at 10 per cent l evel) than at 2100. 
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Experiment 4. Mean white cell blood counts per cu. mm of peripheral blood taken from fifteen 
subjects on four days and at thr ee different t i mes . The mean values given were based on 6 to 
10 counts . Females are bracketed. 
DAY NORM 1 NORM 2 TREATMENT 1 TREATMENT 2 
TIME 1330 1700 2100 1330 1700 2100 1330 1700 2100 1330 1700 2100 
4433 4600 5166 3700 3540 4600 3966 4720 4366 4366 4866 4466 
2 6140 6933 5880 5100 6480 8300 4450 7767 5333 6200 6300 5320 
3 3567 3667 3700 4000 5533 4360 3140 4766 4060 3200 4960 3960 
en 4 4420 4940 4020 4360 4000 4200 4200 4740 4980 3140 4520 4620 g 5 4020 4567 4480 6133 4980 3700 4020 4750 4340 5540 5000 4980 C-j 
8 6 4767 4180 3860 3375 4040 4180 3520 4560 3600 5240 4260 4820 8 
~ (7) 5600 8334 5840 4867 5020 5500 4420 5300 5200 3578 5680 5925 8 4267 5667 4800 4534 3660 4820 4467 3880 3620 4340 4500 4780 trj 
::0 6220 7160 6060 5734 6900 7980 6580 6500 5740 9320 8034 6440 9 
10 6467 5820 6480 6020 6500 6400 5867 6920 6500 5467 7634 6500 
(11 ) 6300 7450 7334 7380 6920 6820 6634 7900 7220 5634 7820 6560 
( 12) 6467 5600 5750 5334 5680 6520 7267 5740 6280 6434 6220 6200 
13 5760 6980 6980 6533 7120 7100 5880 7500 6467 6234 6260 7960 
14 5460 6720 6680 7720 8500 9220 6834 9300 6880 5980 7720 7667 
(15) 7960 9560 8380 6906 9180 8967 6680 7440 8000 7380 7073 7200 
8 
6; 
t" 
t=:1 
T\) 
+::> 
FIGURE 32. 
Experiment 4 . Di stribution of the mean \-Jhi te cell blood counts per 
cu . mm of peripher al blood , taken from fifteen subjects on four days 
and at three di ffe r ent times . Mean valu es were deri ved from 6 to 
10 counts . 
.-- N .-- 0 
FREQUENCY OF COUNTS 
1101 - 1300 
9901 - 1100 
9701 - 9900 
9501 - 9700 
9301 - 9500 
9101 - 9300 
8901 - 9100 
8701 - 8900 
850 1 - 8700 
8301 - 8500 
8 101 - 8300 
7901 - 8100 
7701 - 7900 
7501 - 7700 
7301 - 7500 
7101 - 7300 
6901 - (100 
6701 - 6900 
6501 - 6700 
6301 - 6500 
6101 - 6300 
5901 - 6100 
5701 - 5900 
5501 - 5700 
5301 - 5500 
5101 5300 
4901 - 5100 
4701 - 4900 
4501 - 4700 
4301 - 4500 
4101 - 4300 
3901 - 41 00 
3701 - 3900 
3501 - 3700 
3301 - 3500 
3100 - 3300 
Interval 
Values 
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1\) 
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-.J 
DAY 
TIJliE 
2 
3 
4 
5 
w 6 
@ (7) 
C-.! 
~ 8 
8 
z 9 
~ 10 
tx:l 
:::0 ( 11) 
( 12) 
13 
14 
( 15) 
Experiment 4. Log transformation values of the mean white cell blood counts per cu .mm of peripheral 8 
'!:> blood , t aken from fifteen subjects on four days and a t three different t i mes . The l ogari thms , to @ 
t"""' 
the base ten , "1ere calculated from the means given in Table 24 . Females are bracketed. txJ 
1\) 
\J1 
NORM 1 NORM 2 TREATMENT 1 TREATMENT 2 
1330 1700 2100 1330 1700 2100 1330 1700 2100 1330 1700 2100 
3. 647 3. 663 3. 713 3. 568 3. 549 3. 663 3. 598 3. 674 3. 640 3. 640 3.687 3. 650 
3. ?88 3. 841 3. 769 3. 708 3.812 3. 919 3. 648 3.890 3. 727 3. 792 3. 799 3. 726 
3. 552 3. 564 3. 568 3. 602 3. 743 3. 640 3.497 3. 678 3.609 3. 505 3. 696 3. 598 
3.645 3. 694 3. 604 3. 640 3. 602 3. 623 3. 623 3. 676 3. 697 3. 497 3. 655 3. 665 
3. 604 3. 660 3. 651 3. 788 3. 697 3. 568 3. 604 3. 677 3. 638 3. 744 3. 699 3. 697 
3. 678 3. 621 3. 587 3. 528 3. 606 3. 621 3. 547 3. 659 3. 556 3. 719 3. 629 3. 683 
3. 748 3. 921 3. 766 3. 687 3. 701 3. 740 3. 645 3. 724 3. 716 3. 554 3. 754 3. 773 
3. 630 3. 753 3. 681 3. 657 3. 564 3. 683 3. 650 3. 589 3-559 3. 638 3.653 3. 679 
3. 794 3.855 3. 783 3. 759 3.839 3. 902 3.818 3.813 3. 759 3. 969 3.905 3.809 
3.811 3. 765 3.812 3. 780 3.813 3.806 3. 768 3.840 3. 813 3. 738 3.883 3.813 
3. 799 3.872 3.865 3.868 3.840 3.834 3.822 3.898 3.859 3. 751 3.893 3.817 
3.811 3. 748 3. 760 3. 727 3. 754 3.814 3.861 3. 759 3.798 3.809 3. 794 3.792 
3. 760 3.844 3.844 3.815 3.853 3.851 3. 769 3.875 3. 811 3. 795 3. 797 3.901 
3. 737 3.827 3.825 3.888 3. 929 3.965 3.835 3. 969 3.838 3. 777 3.888 3.885 
3. 901 3. 981 3. 923 3.839 3. 963 3.953 3.825 3.848 3. 903 3.868 3.850 3. 857 
- - -- --- - - - - -
TABLE 26 
Experiment 4· Analysis of variance comparing the effects of days 
( incl uding exper i mental treatments ) and -times of measuremen-t , upon 
-the logari -thm of white cel l blood counts . 
Source DF 
Subjects (s) 14 
Days (D) 3 
Times (T) 
s X D 
S X T 
DxT 
s x n x T 
Total 
2 
42 
28 
6 
84 
179 
ss 
1. 694 
. 007 
. 074 
.138 
. 066 
.015 
. 256 
2. 250 
NS p .10 
MS 
• 1210 
. 0023 
. 0370 
. 0033 
. 0024 
. 0025 
. 0030 (a ) 
NS* . OS p .10 
TABLE 27 
Vari ance Ratio 2 - tai l 
Against (a ) Significance 
40. 3333 
. 7666 
12. 3333 
1.1000 
. 8000 
. 8333 
·)(: . 01 p .os 
** p . 01 
** 
NS 
NS 
NS 
NS 
Experiment 4 . Mean and associated standard error (SE) of logarithm 
of whi te cell blood counts measured at different t i mes. The absolute 
WBC are al so given agai nst each mean. 
Time of Representat i ve 
- SE Specimen time X 
1330 ( 0930) 3. 718 (S224) . 007 
1700 (1300) 3. 767 (S848) " 
2100 (1 700) 3-7SO (S623) " 
TABLE 28 
Experiment 4. Comparison by " t " test of means obtained at di fferent 
times , for logarithm of whi te cell blood counts . 
SE of 2- Tail Means Compared Di fference Difference "t " DF Significance 
1330 and 1700 
1700 and 2100 
1330 and 2100 
- . 049 
+ . 011 
- .032 
. 01 
,, 
" 
- 4-9 84 
+ 1 . 7 ,, 
- 3. 2 " 
** 
NS* 
** 
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A further analysis in respect of \ffiC data \~as undertaken. For each 
subject the percentage of change in ~·JBC vias calculated betNeen the blood 
specimen times ; 1330 and 1700 , 1700 and 2100 , and 1330 and 2100. This 
vras done for \fBC on the two test days (Tl and T2) . Data for WBC on the 
two norm days were averaged to produce one percentage of change for each 
of the time periods indicated above . For each time period differences 
in percentage of change were then calculated between Tl and the 11 norm 
day' and between T2 and the 11 norm day" • These differences in percentage 
of change are given in Table 29 , p .210 . The period 1330 to 1700 is 
labelled the PRE-TEST PERIOD, because \oJhen the 4 hour backvrards projection 
(for response lag) is made , the appropriate time period is 0930 to 1300, 
i . e . a period before testing began. For similar reasons the period 1700 
to 2100 is labelled the TEST PERIOD. These data were subjected to an 
'2 I I 
analysis of variance , the results of which are shO\-m in Table 30 , p . 211. 
Subjects , periods , and subjects (x) periods were all found to exert a 
significant effect (at 1 per cent level) . No significant difference was 
found between the treatment days . 
The mean and associ ated SE for difference in percentage of change in WBC 
for different periods were determined ( see Table 31 , p . 211) . The means 
were then compared by 11 t " test as indicated in Table 32 . Significant 
differences (at 1 per cent level) were obtained in two of the three corn-
parisons made . The 1330 to 1700 difference in WBC percentage of change 
was higher than that between 1700 to 2100 , and that bet1"1een 1330 to 2100. 
Thus the TEST PERIOD (i . e . 1700 to 2100) difference in vffiC percentage of 
change was significantly lower than that for the PRETEST PERIOD (i . e . 
1330 to 1700) , and also 1ovter , although not significantly so , than that 
for the OVERALL PERIOD (i. e . 1330 to 2100) . 
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TABLE 29 
Experiment 4. The difference in ~ercentage of change of peripheral 
white cell blood counts on two treatment test days (T1 and T2) from 
that established as the norm , i . e . average of two days , for fifteen 
subjects is given . Each specimen time is given with its associated 
representative t i me in brackets (projected back 4 hours due to 
response lag) . Female subjects are also bracketed. 
Subject PRE TEST PERIOD TEST PERIOD OVER BOTH PRE-TEST 
No . AND TEST PERIOD 
1330 to 1700 1700 to 2100 1330 to 2100 
0 30 t o 1 300 1300 to 1700 0 30 to 1700 
T1 T2 T1 T2 T1 T2 
1 + 19 + 12 - 18 - 18 - 10 - 29 
2 + 55 + 18 38 22 49 43 
3 + 31 + 34 - 5 - 10 + 23 + 17 
4 + 11 + 42 + 12 + 9 + 25 + 53 
5 + 21 - 7 + 5 + 13 + 22 + 4 
6 + 26 - 25 - 19 + 15 0 - 11 
(7) - 6 + 33 + 8 + 15 + 9 + 57 
e - 20 - 3 - 15 2 - 28 + 
9 - 19 - 32 - 12 - 20 - 31 - 43 
10 + 19 + 41 - 11 - 30 + 8 + 16 
( 11) + 13 + 33 7 15 + 4 + 12 
( 12) 18 0 + 3 6 + 3 + 13 
13 + 13 15 12 + 29 5 + 13 
14 + 20 + 13 - 22 - 3 - 20 + 7 
( 15) - 15 - 31 + 15 + 9 - 22 20 
MEAN + 10 + 8 - 8 2 5 + 3 
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TABLE 30 
Experiment 4 . Analysis of variance comparing the effects of days 
(experimental treatments) and periods upon the differences in 
percentage of change in \~hite cell blood counts . 
Sources 
Subjects (s) 14 15526 . 1 1109 . 0 5 .022 •** 
Days (D) 1 288 . 0 288 . 0 1. 304 NS 
Periods (P) 2 3010 . 8 1505. 4 6 . 816 ** 
s xD 14 3411.5 243 . 6 1. 103 NS 
s X p 28 16467 . 0 588 . 1 2 . 663 ** 
D X p 2 435 . 3 217 . 6 . 985 NS 
s X D X p 28 6182.2 220 . 8 (a) 
Total 89 45320 . 9 
TABLE 31 
Experiment 4 . Mean and associated standard error (SE) of differences 
in percentage of change in white cell blood counts for different periods. 
Period of Representative 
-Specimens times X SE 
1330 to 1700 (0930 to 1300) + 9.0 2. 7 
1700 to 2100 (1 300 to 1700) - 5 . 0 " 
1330 to 2100 (0930 to 1700) - 1 . 0 " 
TABLE 32 
Experiment 4 . Comparison by " t " test of means obtained at different 
periods , for the differences in percentage of change in v1hi t e cell 
blood counts . 
2- Tail 
Means Compared 
SE of 
Difference Difference " t '' DF Significance 
1330 to 1700 
and 
1700 to 2100 
1700 to 2100 
and 
1330 to 2100 
1330 to 1700 
and 
1330 to 2100 
+ 14. 0 3 . 854 
- 4 .0 " 
+ 10. 0 11 
+ 3. 63 28 ** 
- 1.04 11 NS 
+ 2. 59 ,, 
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A s imilar mean determination and comparison procedure as above was 
followed to exami ne Subjects (x) Periods , see Tables 33 and 34 , pp . 214 and 215 . 
Results indicat e that t he difference in WBC percentage of change in the 
case of 6 subjects (1 , 2 , 3 , 11 , and 15) were s ignificant (at 5 and 1 per 
cent levels) , when the periods 1330 to 1700 and 1700 to 2100 were com-
par ed. Five subjects Nere found to have a higher di fference in \ffiC 
percentage of change at 1330 to 1700 than at 1700 to 2100 . For subject 
15, the difference in WBC percentage of change bet\-Jeen t hese periods was 
just the rever se , i . e . lower at 1330 to 1700 than at 1700 to 2100. 
Furthermore , Subject 15' s 1700 to 2100 difference in vffiC percentage of 
change was higher than that for 1330 to 2100. Sub ject 10' s difference 
in WBC percentage of change was i n a reverse directi on to that of 
Subject 15 for these time periods . Two sub jects (1 and 2) were f ound 
to have a higher difference in WBC percentage of change at 1330 to 1700, 
than at 1330 to 2100 . 
The r aw data pertaining to the eosinophil blood count (EBC ) per cu. mm . 
of peripheral blood obtained in Experiment 4 are given in Table 35 , p . 216 . 
Mean EBC for all subjects on norm days ranged between 27 to 626 , and 
b etween 33 to 907 on t est days . The overall distribution of EBC 
obtai ned is shown in Fig . 33 , p .213. Because the data were positively 
skewed the data given in Tabl e 35 were submitted t o a logarithmi c trans-
formation , (to the base 10) . These log EBC values are given in Table 36 . 
The log EBC obta ined in Experiment 4 were subjected to an analysis of 
variance as shown in Table 37 , p .219 . Result s from this anal ysis 
indicate that a s ignificant effect (at 1 and 5 per cent level s ) was 
exert ed by sub jects , days , times , and all combinations of the above , 
e xcept for Sub jects (x ) Times . Insofar as log EBC indicates s ystemic 
s tress , s i gni ficant differential effects were demonstrated by days , by 
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FIGURE 33 . 
CO 
FREQUENCY OF COUNTS 
400 - 419 
380 - 399 
360 - 379 
340 - 359 
320 - 339 
300 - 31 9 
280 - 299 
260 - 279 
240 - 259 
220 - 239 
200 - 219 
180 - 199 
160 - 1 79 
140 - 159 
_120 - 139 
lOO - 11 9 
80 - 99 
79 
59 
39 
2l3 
TABLE 33 
Experiment 4 . Mean and associat ed s t andard err or (SE) of differences 
in percentage of change in white cell blood counts by different subjects 
by periods (S x P) . 
(S) 
No . 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
' 12 
13 
14 
15 
1330 to 1700 1700 to 2100 
( 930 to 1300) (1 300 t o 1400) 
-
X 
+ 15. 5 
+ 36. 5 
+ 32. 5 
+ 26 . 5 
+ 7. 0 
+ 0 . 5 
+ 13 . 5 
- 11. 5 
- 25 . 5 
+ 30 .0 
+ 23 .0 
1.0 
+ 16. 5 
- 23 . 0 
-X 
- 18. 0 
- 30 . 0 
- 7. 5 
+ 10 . 5 
- 4.0 
+11. 5 
- 8 . 5 
- 16.0 
- 20 . 5 
- 11 . 0 
- 3. 0 
+ 8 . 5 
- 12. 5 
+ 12.0 
1330 to 2100 Peri od of Specimens 
(930 t o 1700 ) (Representative t imes ) 
SE 
- 19. 5 10 . 555 
- 46 .0 " 
+ 20 . 0 " 
+ 39. 0 " 
+ 13 . 0 " 
- 5.5 " 
+ 33 . 0 " 
- 13. 5 " 
- 37 . 0 " 
+ 12. 0 " 
+ 8.0 " 
+ 8 . 0 " 
+ 4.0 " 
- 6. 5 " 
- 21. 0 " 
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TABLE 34 
Comparison by 11 t 11 test of means obtained by different subjects at 
different periods (S x P) for the differences in percentage of change 
in white cell blood counts . Only differences wi th some significance 
are given . 
(s) 
No . 
2 
3 
10 
11 
14 
15 
3 
4 
10 
15 
SE of 
Means Compared Difference Difference 
1330 to 1700 
and 
1700 to 2100 
1700 to 2100 
and 
1330 to 2100 
+ 33 -5 
+ 66 . 5 
+ 40 .0 
+ 50 -5 
+ 34 .0 
- 35 .0 
- 27 . 5 
- 28. 5 
32 . 5 
+ 33. 0 
14. 92 
,, 
" 
" 
" 
" 
" 
" 
" 
" 
" 
1 1330 to 1700 
2 
10 
12 
and 
1330 to 2100 
" 
+ 82 . 5 " 
+ 28 . 0 " 
" 
" t " 
+ 2. 25 
+ 4.46 
+ 2. 68 
+ 3-39 
+ 2. 28 
+ 1.95 
2. 35 
- 1 .85 
- 1.91 
- 2. 18 
+ 2. 21 
+ 2. 35 
+ 5-54 
+ 1. 88 
1. 81 
2- tail 
DF Significance 
28 * 
" 
" * 
" ** 
" * 
" NS* 
" 
" 
" NS* 
" * 
" * 
" 
" ** 
" NS* 
11 NS* 
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Experiment 4. Mean eosinophil blood counts per cu . mm of peripheral blood taken from fifteen 
subjects on four days and at three different times . The mean values given were based on 6 to 
10 counts . Females are bracketed. 
DAY NORM 1 NORM 2 TREATMENT 1 TREATMENT 2 8 E; 
TIME 1330 1100 2100 1330 1700 2100 1330 1700 2100 1330 1700 2100 E;i 
112 59 127 60 41 99 172 90 133 79 139 195 V.J V' 
2 52 52 45 54 84 74 40 83 67 68 115 76 
3 27 27 32 47 41 60 33 76 48 41 88 56 
4 68 88 130 88 110 114 87 88 83 87 94 128 
Ul 5 152 183 175 147 151 192 147 335 211 175 269 173 
~ 6 lOO 253 197 144 204 176 96 186 127 86 179 212 y 
~ ( 7) 33 54 68 87 68 155 67 54 56 46 100 51 8 
~ 8 288 368 289 344 287 362 274 297 328 216 306 325 9 73 190 183 223 273 300 148 151 180 151 199 152 
~ 10 626 573 505 423 525 600 669 592 551 488 907 614 
( 11) 85 99 127 81 75 105 61 87 106 102 144 153 
( 12) 48 87 176 65 45 100 111 85 55 40 116 93 
13 75 105 84 47 102 118 62 180 95 81 127 64 
14 81 104 112 221 335 272 194 285 198 11 120 77 
( 15) 57 80 81 48 71 127 56 96 52 68 101 108 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
rf,/ g 
C-1 
~ 
8 
~ 
~ 
Experiment 4. Log transformation values of the mean eosinophil blood counts per cu. mm of peripheral 
blood, taken from fifteen subjects on four days and at three different times . The logarithms , to the 
base ten , were calculated from the means given in Table 35. Females are bracketed. 
DAY NORM 1 NORM 2 TREATMENT 1 TREATMENT 
TJNE 1330 1'700 2100 1330 1700 2100 1330 1700 2100 1330 1700 
1 2. 049 1. 771 2.104 1 . 778 1. 613 1. 996 2. 236 1 . 954 2.124 1 .898 2.143 
2 1 . 716 1. 716 1 . 653 1. 732 1. 924 1.869 1 . 602 1. 919 1 . 826 1 .833 2. 061 
3 1.431 1.431 1 . 505 1.672 1 . 613 1. 778 1 . 519 1.881 1 . 681 1 . 613 1. 945 
4 1 . 833 1.945 2.114 1. 945 2. 041 2. 057 1 . 940 1 . 945 1.919 1 . 940 1.973 
5 2.189 2. 263 2. 243 2.167 2.179 2. 283 2.167 2. 525 2. 324 2. 243 2.430 
6 2. 000 2. 403 2. 295 2.158 2. 310 2.246 1 . 982 2. 270 2.104 1. 935 2. 253 
(7) 1 . 519 1. 732 1.833 1. 940 1.833 1.190 1 . 826 1. 732 1.748 1.663 2.000 
8 2.459 2. 566 2.461 2. 537 2.458 2. 559 2. 438 2.473 2. 516 2. 335 2. 486 
9 1 .863 2. 2?9 2. 263 2. 348 2.436 2.4?? 2.170 2.1?9 2. 255 2.179 2. 299 
10 2. 797 2. 758 2. 703 2. 626 2. (20 2. 778 2. 825 2. 772 2. 741 2. 688 2. 958 
( 11) 1.929 1 . 996 2.104 1 . 909 1.875 2. 021 1 . 785 1 . 940 2. 025 2.009 2.158 
( 12) 1 . 681 1 . 940 2. 246 1 . 813 1 . 653 2.000 2. 233 1 .929 1.740 1 . 602 2.065 
13 1.875 1 . 021 1.924 1.672 1 . 009 1.072 1. 792 2. 255 1 . 978 1.909 2.104 
14 1. 909 2. 017 2. 049 2. 344 2. 525 2.435 2. 288 2. 455 2. 297 1.887 2. 079 
(15) 1 . ( 56 1 . 903 1 . 909 1. 681 1.851 1 .104 1 . 748 1 . 982 1 . 716 1.833 2. 004 
---- - -----
2 
2100 
2. 290 
1. 881 
1 . 748 
2.107 
2. 238 
2. 326 
1 . 70€ 
2. 512 
2.182 
2. 78€ 
2.18: 
1 . 965 
1 . 80€ 
1.88' 
2. 03 
times , and by the interaction of day with both subjects and times . 
To examine the source of the significant differences more closely, mean 
log EBC and associ ated standard errors (SE) were calculated. First , 
the log EBC means and SE for different days were established (see Table 
38 , P·219 ) , and then compared by " t " test as indi cated in Table 39 , p .212 . 
Significant differences (at l and 5 per cent levels) were obtained in 4 
of the 6 comparisons made . I n all 4 cases , the log EBC were on test 
days higher than on norm days . The mean log EBC on norm day 1 was 
effect i vel y equal to that for norm day 2. The mean log EBC for the two 
test days were nearly equal . 
Log EBC means and SE were obtained for the 3 different times in 
Experiment 4 (see Table 40 , p .220 ). These times were then compared by 
" t " test as i ndi cated in Table 41 , p. 220 . Significant differences (at 
1 and 5 per cent levels) were obtai ned between two of the three compari-
sons . Mean log EBC at 1700 (i . e . representati ve of 1300 with the use 
of a 4 hour response lag) , were h i ghe r than ·those at 1330 (i . e . 0930) . 
The mean log EBC at 2100 ( i . e . 1700) were higher than at 1330. On 
average the 2100 mean log EBC were lower than at 1700 , though not 
significantly so . 
In a similar manner , the means and associ ated SE for the log EBC for 
sub jects on di fferent days (s x D) were determi ned ( see Table 42 , p .221) . 
Results were then compared by " t " test as indicated in Table 43 , p .222 . 
A total of s i xteen significant differences (at 1 and 5 per cent levels) 
were obtained for six subjects ( i . e . subjects 1 , 3, 9 , 13 , 14 , and 15) . 
The mean log EBC in 4 instances was significantly higher on one norm day 
than the other. In a further five cases the subjects ' EBC on the T1 
t est day were higher than on one or the other norm days . In yet five 
other inst ances sub ject s ' T2 t est day mean log EBC were higher t han on 
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TABLE 37 
Experiment 4. Analysis of variance comparing the effects of days 
(including experimental treatments) and times of measurement , upon 
the lob~rithm of eosinophil blood counts . 
Variance Ratio 2- Tail 
Source DF ss MS Against (a} Si~ificance 
Subjects (S) 14 16. 334 1 .1667 46 .855 ** 
Days (D) 3 . 360 .1200 4 . 819 ** 
Times (T) 2 . 326 . 1630 6. 546 ** 
s x D 42 2. 364 . 0563 2. 261 •** 
s xT 28 
-743 . 0265 1 . 064 NS 
D X T 6 . 366 . 0610 2. 449 ·11: 
S X D X T 84 2. 092 . 0249 (a) 
Total 179 22 . 585 
TABLE 38 
Experiment 4. Mean and associated standard error (SE) of logarithm 
of eosinophil blood counts measured on different days . The absolute 
EBC are also given against each mean. 
-Days X SE 
Norm (N1) 2.003 ( 101) . 024 
Norm (N2) 2. 005 (101) 
" 
Test (T1) 2. 083 ( 121) 11 
Test (T2) 2. 093 ( 124) 11 
TABLE 39 
Experiment 4. Comparison by 11 t " test of means obtained at different 
days for logarithm of eosinophil blood counts . 
Means Compared Difference SE of ll t" DF 2- Tail Difference Significance 
N1 and T2 - . 090 . 0333 - 2. 70 84 ** 
N1 and N2 - . 002 " .06 ll NS 
N2 and T1 - . 078 " - 2. 34 11 * 
T1 and T2 - . 010 " . 30 11 NS 
N1 and T1 - . 080 ,, 2. 40 " * 
N2 and T2 - . 088 " 2. 64 " ·11:* 
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TABLE 40 
Experiment 4. Mean and associa-ted standard error (SE) of l ogarithm 
of eosinophil blood counts measured at different times. The absolute 
EBC are also given against each mean. 
Time of Representative 
Specimens Time -X SE 
1 330 ( 930) 1. 990 ( 98) . 020 
1 700 (1300) 2. 082 (121) 
" 
2100 (1 700) 2. 065 (116) 11 
TABLE 41 
Experiment 4. Comparison by " t " test of means obtained at different 
t imes , for logari thm of eosinoph i l blood counts . 
Means Compared Di fference SE of 11 t " DF 2- Tail Difference Sig!?;ificance 
1 330 and 1 700 - . 091 . 0288 3. 16 84 *•* 
1700 and 2100 + . 01 7 " + . 59 11 NS 
1 330 and 2100 . 074 11 - 2. 57 " * 
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TABLE 42 
Experiment 4. l.~ean and associa-ted standard error (SE) of logari thrn 
of eosinophil bl ood counts measured for different subjects by days 
(S X D) . The absolute EBC are also given against each mean. 
(s) 
N2 2 x T1 2 X T2 2 X No . N1 2 x SE 
1 l. 974 ( 94) l. 795 ( 62) 2. 104 (127) 2. 110 (129) . 091 
2 1. 695 ( 50) 1.841 ( 69) 1. 782 ( 61) 1. 925 ( 84) " 
3 1. 455 ( 29) 1.687 ( 49) 1. 693 ( 49) 1. 768 ( 59) " 
4 1. 964 ( 92) 2. 014 (103) 1.934 ( 86) 2. 006 (101) " 
5 2. 231 (1 70) 2. 209 (16 2) 2. 338 ( 218) 2. 303 ( 201 ) 11 
6 2. 232 (1 71) 2. 238 (1 73) 2.118 (131 ) 2.171 (148) 11 
7 1.694 ( 49) 1.654 ( 45) 1.768 ( 59 ) 1. 790 ( 62) 11 
8 2. 495 (313 ) 2. 518 ( 330) 2.475 ( 299) 2. 444 (278) 11 
9 2.135 (1 37) 2. 420 ( 263) 2. 201 (159) 2. 220 (166) 11 
10 2. 752 (565) 2. 708 ( 510) 2. 779 (601 ) 2. 811 ( 657) 11 
11 2. 009 (102) 1.935 ( 86) 1. 916 ( 82) 2.117 (1 31) 11 
12 1.955 ( 90) 1.822 ( 66) 1. 967 ( 93) 1 . 878 ( 75) 11 
13 1. 606 ( 40) 1. 251 ( 18) 2. 008 (102) 1.878 ( 75) " 
14 1.991 ( 98) 2. 434 ( 272) 2. 346 (222) 1.951 ( 89) 11 
15 1 . 856 ( 72) 1. 545 ( 35) 1.815 ( 65) 1.956 ( 90) 11 
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TABLE 43 
Experiment 4 . Comparison by " t 11 test of the logarithm of eosinophil 
blood counts obtained by different subjects on different days (S x D) . 
Only differencEB with some significance are given. 
(s) Means SE of 2-Tail 
No . ComEared Difference Difference " t " DF SifQ!ificance 
N2 - T1 - . 309 . 1265 - 2. 44 84 ·lE-
1 N2 - T2 - • 315 " - 2. 49 11 ·lE-
2 N1 - T2 - • 230 " - 1. 82 NS* 
3 N1 - N2 - . 232 " - 1 .83 11 NS* 
3 N1 - T1 - . 238 11 - 1 .88 11 NS* 
3 Nl - T2 - . 313 11 - 2. 47 11 * 
9 Nl - N2 - • 285 11 - 2. 25 11 * 
9 N2 - T1 + • 219 11 + 1.73 " NS* 
13 Nl - N2 + . 355 " + 2. 81 11 ** 
13 Nl - Tl . 402 11 - 3. 18 11 *•* 
13 Nl - T2 - . 333 11 - 2. 63 11 ·lE-
13 N2 - Tl - . 757 11 - 5-98 11 ** 
13 N2 - T2 - . 688 " - 5. 44 11 ** 
14 N1 - N2 - . 443 " - 3. 50 " ** 
14 Nl - Tl - -355 11 - 2. 65 11 ·lE-* 
14 N2 - T2 + . 483 11 + 3.82 11 ** 
14 Tl - T2 + . 395 " + 3.12 11 ** 
i 
15 Nl - N2 + . 311 " + 2. 46 " * 
15 N2 - T1 - . 270 " - 2. 13 11 * 
15 N2 - T2 - . 411 \1 - 3. 25 , ** 
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one of the norm days : for 1 subject the reverse of this was t rue . 
Only in 1 instance t'llas a subject ' s mean l og EBC signi ficantly different 
on the t wo t est days . Half of the significant differences were produced 
by 2 subjects (i. e . 14 and 13) . 
The same procedure was followed in the case of the analysis of Days (x) 
Times data in Experiment 4 (see Table 44 , p .224) . Comparison of these 
means (see Table 45 , P· 224 ) indi cates that in seven i nstances were 
significant differences obtained. Overall the mean log EBC for treat-
ment days at 1700 was significantly higher than at the same time on 
norm days . Three of the comparisons indicated t h i s difference . In t he 
other two , i. e . for norm day 1 and T2 test day, the l og EBC at 2100 v1as 
signi ficantly higher (at 1 and 5 per cent l evels) than that at 1330. 
A further analysis with r egard to the effect of subjects , days , and 
times on t he EBC in Experiment 4 was car ried out . As was -done for the 
WBC , diffe r ences in EBC percentage of change were determined. These 
differences are indicated in Tabl e 46 , p . 225 , and were subjected to an 
analys i s of variance which is shown in Tabl e 47 , p . 226 . Results of this 
analysis indi cate that only times exerted a significant eff ect (at l per 
cent level) upon the di fference in EBC percentage of change between 
treat ment and norm da ys . 
To examine further , this s ignificant variance , the mean and associ at ed 
SE of differences in EBC per centage of change at di fferent periods of 
time were determined , see Tabl e 48 , p . 226 . These means were then com-
pared by " t " ·t est in Table 49 , p . 226 . Significant differences (at 1 
per cent level) vJere obtained. The difference in EBC percentage of 
change at 1 330 to 1700 was higher than that at 1700 to 2100 , and that 
at 1330 to 2100. No s i gnificant difference was obta ined for the 
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TABLE 44 
Experiment 4 . Mean a nd associated standard error (SE) of logarithm of 
eosinoph i l blood coun·ts measured at differ ent days by times (D x T) . 
The absolute EBC a r e also given against each mean. 
Represen-
Time of tati ve 
Specimens time Nl 2 -X N2 1 
- Tl 2 
- T2 2 
-X X X 
1 330 ( 930) 1. 934 ( 86) 2 . 022 (105) 2. 037 (109) 1.971 ( 94) 
1700 (1 300) 1. 983 ( 96) 2 . 003 (101) 2. 1 47 (140) 2. 197 (1 57) 
2100 (l 700) 2. 094 (1 24) 1 . 991 ( 98) 2. 0 66 (11 6) 2. 111 (1 29) 
TABLE 45 
Experiment 4 . Compari son by 11 t n test of means of the logarithm of 
eosinophil blood counts obtained at diffe r ent days by times (D x T) . 
Only differ ences with some significance a re g iven. 
. 041 
11 
" 
Means Compared 
SE of 
Difference Diff erence 11 t 11 DF 
2- Ta il 
Significance 
N1 
N1 
1330 and 2100 
1700 and 2100 
21 00 N1 and N2 
T1 1330 and 1700 
T2 1330 and 1700 
T2 1330 and 2100 
1700 , N and Tl 
1700 , N and T2 
T, 1330 and 1700 
1700 , N and T 
- . 1 60 . 058 
.111 11 
+ . 103 
.no 
- • 226 
- . 140 
- . 1 54 
- • 204 
- .1 68 
- . 179 
" 
11 
11 
" 
" 
11 
11 
" 
- 2. 76 
- 1 . 91 
+ 1 . 78 
- 1 . 90 
- 3 - 90 
- 2. 41 
- 2 . 66 
- 3 - 52 
- 2 . 90 
- 3 -09 
84 
11 
" 
11 
11 
11 
11 
11 
11 
" 
** 
NS* 
NS* 
NS* 
* 
** 
** 
** 
** 
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TABLE 46 
Experiment 4. The difference in percentage of change of peripheral 
eosinophil blood counts on two treatment -test days (T1 and T2) from 
tha·li establ ished as the norm , i.e . average of two days , for fifteen 
subjects is given. Each specimen time is given with its associated 
representative time in brackets (projected back 4 hours due to response 
lag) . Female subjects are also bracketed. 
PRE TEST PERIOD TEST PERIOD OVER BarH PRE TEST 
Subject AND TEST PERIOD 
No . 1330 to 1700 1700 to 2100 1330 to 2100 
(0930 to 1300) (1300 to 1700) 
' 
(0930 to 1700) 
T1 T2 T1 T2 ~ T1 T2 
1 - 8 + 115 - 81 - 101 I - 49 + 121 2 + 80 + 41 - 7 - 21 I + 56 0 I 
t 
3 +137 + 121 - 69 69 l + 22 + 14 I 4 - 26 - 19 - 31 + 11 - 65 13 
5 +116 + 42 - 48 47 I + 23 24 
6 
- 4 + 11 - 14 + 36 I - 27 + 87 I 
(7) - 40 + 97 - 73 - 126 I - 109 - 81 8 + 3 + 36 + 8 + 4 I + 17 + 48 
9 - 89 60 + 16 - 27 I - 71 - 91 10 - 19 + 78 - 8 - 34 1 - 29 + 15 
( 11) + 38 + 37 - 12 - 28 I + 35 + 11 
( 12) - 76 + 165 - 148 - 132 - 228 - 28 
13 +112 - 22 - 45 - 47 - 28 - 103 
14 + 7 + 15 - 25 30 - 29 31 
( 15) + 27 + 4 - 86 34 - 111 45 
MEAN + 15 + 43 - 42 - 43 - 40 8 
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TABLE 47 
Experiment 4 . Analysis of vari ance comparing the effects of days 
(experimental treatments ) and periods of measurement upon the 
differences i n percentage of change in eosinophi l blood counts . 
Sources 
Subjects (s) 
Days (D) 
Periods (P) 
S X D 
S X P 
DxT 
S X D X P 
Total 
TABLE 48 
DF ss 
14 87279 . 7 
8103 . 6 
2 86160. 7 
14 13123 . J 
28 107021 . 5 
2 4783 . 4 
28 95962. 4 
89 402434. 6 
Variance Ratio 2- Tail 
MS Against ( a ) Significance 
6234 . 3 1 .819 NS 
8103 . 6 2. 364 NS 
43080 . 4 1 2. 570 ** 
937 . 4 . 274 NS 
3822 . 2 1 .115 NS 
2391 .7 . 698 NS 
3427. 2 (a) 
Experiment 4 . Mean and associated standard error (SE) of differences 
in percentage of change in eosi nophil blood counts at differ ent times . 
Period of 
Specimens 
1330 to 1700 
1700 to 2100 
1330 to 2100 
T.ABLE 49 
Representative 
time 
( 930 to 1 300) 
(1 300 to 1700) 
( 930 to 1700) 
-X SE 
+ 30. 6 10. 688 
- 42. 3 11 
- 23 .8 11 
Experiment 4· Comparison by " t " t est of means obtained at di fferent 
periods , for the di fferences in percentage of change in eosinophil 
blood counts . 
Means 
Compared 
1330 to 1700 
and 
1700 to 2100 
1700 to 2100 
and 
1 330 to 2100 
1330 to 1700 
and 
1330 to 2100 
Difference 
+ 72 . 9 
+ 54·4 
SE of 
Difference 
" 
" 
" t" DF 
+ 4 . 827 28 
- l. 230 
+ 3. 603 " 
2- Tai+ 
Significance 
** 
NS 
226 
I 
, I 
I 
remaining comparison though results for 1700 to 2100 were lower than 
those for 1330 to 2100. Thus , insofar as difference in EBC percentage 
of change is an indicant of systemic stress , the data obtained in 
Tables 48 and 49 were important . The TEST PERIOD (i.e . 1700 to 2100) 
di fference in EBC percentage of change Nas significantly lower than 
that for the PRETEST PERIOD (i . e . 1330 to 1700) and also lO\ver , 
although not significantly than that for the OVERALL PERIOD (i . e . 1330 
to 2100) . It may be argued , due to the design of Experiment 4, that 
the sedentary support- vwrk surface configurations used during the TEST 
PERIOD induced the differential effect , i . e . the i ndication of systemic 
stress . These results confirm those obtained with WBC percentage of 
change , v1hich Ne re also significant when the same periods were compared. 
The importance of the findings i ndicated above warranted a further 
examination of the differences in EBC percentage of change in Experiment 
4. Using the data given in Table 46 , p .225 , means were calculated for 
male and femal e subjects for each column of data. These means are 
shown in Table 50 , p .228and subjected to an unweighted analysis of 
variance . These results of thi s analysi s are shown in Table 51 , p .229 . 
Only sexes and periods of time were found to exert a significant effect 
(at 5 per cent level) upon the di fference i n EEC percentage of change . 
The means , and its associated SE of differences in EBC percentage of 
change for each sex , was calculated (see Table 52 , p . 229 ) . These means 
\vere compared by 11 t " test shown in Table 53 , P·229 . 
effect (at 5 per cent level ) was clearly i ndicated. 
A s i gnificant 
Female subjects 
were found to undergo a much greater EBC percentage of change on treat-
ment days than the male subjects . 
greater in a negative direction. 
Their percentage of change was 
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TAJ3LE 50 
Experiment 4 . The total mean difference in percentage of change of 
peripheral eosinophil blood counts on two treatment test days (T1 and 
T2) from that established as the norm , i. e . average of h1o days , for 
male and female subjects . Each speci men time i s given with its 
associated representative time i n brackets (projected back 4 hours 
due to response lag) . 
PRE TEST PERIOD TEST PERIOD OVER BOTH PRE- rrEST 
AND TEST PERIOD 
1330 to 1700 1700 to 2100 1330 to 2100 
(0930 to 1300) (1300 to 1700) (0930 to 1700) 
T1 T2 T1 T2 T1 T2 
FEMALES ; - 12. 7 + 75. 6 
- 79-9 - 79 -9 - 103. 2 - 35-7 
MALES + 28 . 0 + 32. 6 - 27 . 2 - 29 . 6 - 16. 4 + 2. 0 
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TABLE 51 
Experiment 4 . Analysis of variance comparing the effects of days 
(experimental treatments) and periods of measurement upon the 
differences in percentage of change in eosinophil blood counts for 
the two sexes . 
Vari ance Ratio 2- Tail 
Sources DF ss IVIS Against (a) Significance 
Sexes (se ) 1 4226 . 2 4226. 2 20. 615 * 
Days (D) 1 2566 . 9 2566 . 9 12. 521 NS 
Periods (P) 2 1635( . 8 81 78 . 9 39 . 897 * 
Se X D 1 1949 -4 1949- 4 9- 509 NS 
Se X p 2 2299 -5 1149. 8 5. 608 NS 
DxT 2 1436 . 1 (18.1 3. 503 NS 
Se x D X p 2 409 . 9 205 . 0 (a ) 
Total 11 29245. 8 
TABLE 52 
Experiment 4 . Mean and associ ated standard error (SE) of differences 
in percentage of change in the eosinophil blood counts for the two sexes . 
Sexes 
Female Subjects 
Male Subjects 
TABLE 53 
X 
- 39 -3 
1.8 
SE 
5. 845 
" 
Experiment 4 . Special comparison by " t " t est of means obtained by the 
two sexes , for the differences in percentage of change in their 
eosinophi l bl ood counts . 
Means SE of 2- Tail 
ComEared Difference Difference "t" DF Significance 
Femal e Subjects 
and 
- 3(.5 8 . 264 4 . 539 2 * 
Mal e Subjects 
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The means and associ ated SE of differences in EBC percentage of change 
at different periods of time \vere determined (s ee Table 54 , p . 23l ) . 
The means were then compared by " t " test as i ndicat ed i n Table 55 , p . 231. 
The r esults of thi s analysis , not unexpect edly, were s i milar to those 
obta ined when the means for different periods of time were compared 
previously, ( see Table 49 , p . 226 ) . Again, the 1330 to 1700 difference 
i n EBC percentage of change was higher (at 5 per cent level) than that 
at 1700 t o 2100 , and also than that at 1 330 to 2100. These results 
confirm the previous differential effect found to occur duri ng t he 
TEST PERIOD. The s i gnificant drop in EBC during the TEST PERIOD 
indicates that overall significant systemic str ess occurred in subjects , 
particularly those who were female . 
I n summary, the EBC diurnal pattern between 1330 and 2100 (i . e . 0930 
and 1700) was simil ar on both the days on which T1 and T2 were experi -
enced. Hot,.,rever , EBC on both these days were higher than on the norm 
days . This was particularly true for the day in whi ch T2 \vas presented. 
As Fig. 34 , P•232 , shows , thi s \·Jas also true for ltlBC . 
are elaborated i n the Discussion. 
These phenomena 
During the Tl TEST PERIOD 13 out of the 15 subjects exhibited a negative 
difference in EBC per centage change . In 7 of these 13 subjects , a 
- 40 per cent or greater difference in EBC percentage change occurred. 
During t he T2 TEST PERIOD , 12 out of the 15 subjects showed a negative 
difference i n EBC percentage change . In 6 of these 12 subjects , a - 40 
per cent or great er difference in EBC percentage change occurred ( see 
Fig. 35 p .233 ) . 
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TABLE 54 
Experiment 4. Mean and associated standard error (SE) of differences 
in percentage of change in the two sexes eosinophil blood counts at 
different periods . 
Period of Representative 
-Specimens time X SE 
1330 to 1700 ( 930 to 1300) + 30 . 9 7 . 159 
1700 to 2100 (1300 to 1700) - 54 . 2 " 
1330 to 2100 ( 930 to 1700) - 38 . 3 " 
TABLE 55 
Experiment 4. Compari son by " t " test of means obtained at different 
periods of time , for the differences in percentage of change in the 
two sexes eosinophil blood counts . 
Means 
Compared 
1330 to 1700 
and 
1700 to 2100 
1700 to 2100 
and 
1330 to 2100 
1330 to 1700 
and 
1330 to 2100 
Difference 
- 15 . 9 
+ 69 . 2 
SE of 
Difference 
11.29 
" 
" 
2- Tail 
" t " DF Significance 
+ 7. 537 2 
- 1.408 " NS 
+ 6 . 1 29 " * 
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l''I GtJRE 3 4. 
Experi ment 4 . Mean values obtained for fift een subjects ' " norm day ' 
(based on 2 days ) and T1 and T? test days are given for (a) white cell 
blood count s (HBC) , (b) eosinophil counts (EBC) per cu . mm of peripheral 
blood , and (c ) the urinary corticosteroid (17- S) material (mg/sq .m/hr) 
detcrminations . Each specimen time is given Nith its associated. repre-
sentative time in brackets (project back 4 hours due to response lag) . 
0 • (!) 
rfBC EBC 17 - S 
tirne of sampling 
(representative 
time of measure ) 
1330 
I (0930) 
1700 
I 
(1300) 
testing period 
?lOO 
I 
(1700) 
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FIGURE 35. 
ExperimPnt 4. The mean differences for T1 and T2 condition tests in 
percentage change for (a) \~hite cell blood count c~rnc) and (b) eosinophil 
blood count (EBC) per cu. mm of peripheral blood, and (c) the urinary 
corticosteroid (17- S) material (mg/sq .m/hr) excreted. Each specimen 
time is given with its associated representative time in brackets (pro-
jected back 4 hours due to response lag) . 
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80 
100 
PRE- TEST PERIOD 
1330 to 1700 
(0930 to 1300) 
TEST PERIOD 
l 700 to 2100 
(1300 to 1700) 
OVER BOTH PERIOD 
1330 to 2100 
(0930 to 1700) 
\ffiC EBC 17-S 1-JBC EBC 1 7 -S Y./BC EBC 17- S 
T1 T 2 1'1 T2 T1 'r2 T1 T2 T1 T? T1 T2 
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FIGURE 36. 
Experiment 4 . The mean differences for T1 and T2 condition tests in 
percentage change for eosinophil blood count (EBC) . Resul ·ts for male 
and femal e subjects are distinguished. Each specimen time is given 
with its associ ated representa·tive time in brackets (projected back 4 
hours) . 
8 
10 
TEST 
PERIOD 
1700 X 2100 
T1 T2 
TREATMENT TEST DAY 
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Female subjects ' difference in EBC percentage change from their norm 
was found to be significantly greater than that of the males . For the 
females ·the PRE TEST PERIOD di fference in EBC percentage change v1as 
only + 1 per cent gr eater than that for the males . The females ' 
difference in EBC percentage of change during the TEST PERIOD \-Jas - 52 
per cent lower than that for males , and - 62 per cent l ower than that 
for mal es for the OVERALL PERIOD (see Fi g. 36 1 p.234) . 
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Female subjects ' difference in EBC percentage change from their norm 
was found to be significantly greater than that of the males . For the 
females the PRE TEST PERIOD di fference in EBC percentage change was 
only + 1 per cent greater than that for the males . The females ' 
difference in EBC percentage of change during the TEST PERIOD was -52 
per cent lower than that for males , and - 62 per cent lower than that 
for males for the OVERALL PERIOD (see Fig. 36 , p234 ) . 
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Urinary Corticosteroid Determination Results 
The data obtained in Experiment 4 relating to the amount of urinary 
cor-ticosteroid (17- steroid) material (mg/sq .m/hr) excreted are given in 
Table 56 . The raw data necessary for this determination can be found 
in Tables 57 , 58 , and Fig. 37. Tabl e 57 , p . 238 shmoJs the volume of 
urine collected at each sample time , for each subject . The average 
volume of urine excreted by the subjects for a 24 hour norm day, ranged 
between 565 to 2532 ml , with a mean of 1404 ml per 24 hours . Fig. 37 
p . 240 shows the graph of the optical density of the four Clinton 
(hydrocortisone) standard materials before and after they were equated 
(see Appendix 7 , 3. 2 , P6 4l4) , as part of the assay of the urine samples 
for each subject . Table 58 , p .239indicates the results , i. e . optical 
density r eadings for each urine sample , obtained in Experiment 4 , after 
carrying out the Clinton urinary corticosteroi d assay technique (see 
Appendix 7, 2. 4 , p .414) . An example of how this raw data was used to 
determine the results as indicated on Tabl e 56 has been given previously 
(see Appendix 10, p .425) . 
Results in Table 56, P-237 indicate that betv1een 1330 to 2100 the subjects ' 
amount of urinary corticosteroid (17- steroid) material excreted ranged 
between . 30 to 3. 47 mg/sq .m./hr , on norm days , and between . 34 to 4 . 35 
mg/sq .m./hr. on treatment days . There was an overall mean during the 
1330 to 2100 (sample times) of 1 . 11 mg/sq . m./hr , excreted on norm ~ays , 
while 1 .15 mg/sq. m./hr was excreted on treatment days . Thus the subjects 
t ended to excrete a slightly greater amount of 1 7-steroid materi al on the 
treatment days than on their norm days . The overall mean 17- steroid 
excreted, including norm days , was 1 . 2 mg/sq. m./hr. At that rate of 
excretion, and by taking the mean subject body surfaces (see Table 21 , 
p . l83) , the approximate 17-steroid materi al excretion rate for female 
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w 
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Experiment 4. Urinary corticosteroid mg/sq . m./hr., excreted by fifteen subjects on four days 
and at three different times . Included is the amount (·*) excreted between 2100 , and 1030 , on 
the next day, wh i ch mak es up the difference for a hTenty- four hour total. Female subjects are 
bracketed. 
DAY NORM 1 NORM 2 TREA. 'Th1ENT 1 TREATMENT 
TIME 1330 1700 2100 * 1330 1700 2100 * 1330 1700 2100 1330 1700 
1 1 .196 1 . 798 1. 335 1.185 1. 458 1. 591 2. 442 2. 066 1. 402 1 . 717 0. 750 1 . 656 2. 253 
2 0. 970 o. 236 2. 361 0. 704 0. 963 0. 804 0. 513 1.093 2. 517 1.032 0.831 0.800 0. 927 
3 1 . 315 1. 446 1. 214 1 . 312 0.800 0. 421 0.870 1. 080 1.585 1.628 1. 037 2 . 321 2.104 
U2 
~ 4 2. 488 3. 475 2. 367 2.206 1 .888 1.811 1 .646 1. 651 2. 287 2. 717 2. 277 1 .810 2.186 
'-I 5 1. 580 o.8n 0.878 0.827 o. 714 0. 750 1.887 1.167 1. 306 0. 720 1. 203 0. 883 0. 311 ~ 
8 6 1. 241 1.058 0.887 1 . 065 2.059 0. 693 0. 746 o. 758 1 .114 0. 984 1. 049 0. 649 1.406 
~ (7) 1.565 1.984 1 .855 1 . 510 1.465 1.749 2.405 2.425 1.895 1.545 1. 335 1. 718 4. 353 
~ 8 1. 086 0.727 0.752 0. 490 0.824 0. 563 0. 638 0. 594 1. 646 0. 966 0. 656 1.112 0. 917 
9 1.015 1. 059 1.092 0.586 0.753 0. 734 0. 926 0.496 0. 758 1.062 0. 854 0. 829 1.069 
10 0. 368 0. 509 0. 733 0.865 0. 960 0. 902 0.626 0. 722 0.817 0. 679 0. 820 0.766 0.873 
( 11) 0. 306 0. 700 0. 669 1.041 1. 031 0. 335 0. 326 0. 748 0.687 0. 348 0. 418 0.527 o. 791 
( 12) 0. 958 0. 744 0.725 0.408 1. 006 0. 483 0. 348 0. 422 0. 790 0. 586 0. 600 1 . 244 1.092 
13 0. 564 o. 770 0.479 0. 892 1.044 0. 711 1.083 0. 573 0-592 0. 465 1.011 0. 655 
14 1 . 669 1.657 1 .181 0. 815 1.110 0. 703 1.176 0. {20 0.898 1 . 287 1. 318 2.169 0. 837 
( 15) 1.704 1.525 1 .160 0. 762 1. 095 0. 620 0. 936 0. 612 0.813 1. 256 1. 346 1. 309 0. 705 
------- ------------------------------------------------··-
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2100 
1 . 217 
0. 697 
1 .109 
2.095 
0.625 
0-976 
1. 587 
0. 644 
o. 738 
0. 649 
0. 636 
o. 748 
0. 402 
0.963 
o. 726 
\.}'1 
0\ 
Sample 
No. Nl-1 Nl-2 Nl-3 Nl-24 N2-1 N2-2 N2-3 N2-24 Tl-1 Tl-2 Tl-3 T2-l T2-2 T2-3 MEAN 
Time of 1330 1700 2100 1030 1330 1700 2100 1030 1330 1700 2100 1330 1700 2100 24 HR. sample 
(3. Ohr) ( 3. 5hr) (4.0hr) (13. 5hr) (3,0hr) ( 3. 5hr) (4.0hr) (13. 5hr) ( 3.0hr) ( 3. 5hr) (4,0hr) (3.0hr) ( 3. 5hr) (4.0hr) VOL. 
I;>; 8 
.g 5; 
(\) t:-' 
>j l'l 
1-'· 
s \.)1 
(\) 
-1 
;<.. 
-1'-
1. 193 296 184 515 12'7 184 245 925 105 200 92 lOO 137 79 1335 • 
2 369 156 633 405 445 99 295 795 473 132 127 230 162 110 1540 .q 0 
>-' 
3 442 257 455 665 845 346 222 820 325 348 175 682 610 212 2026 g 
(\) 
"' 
4 300 283 275 300 172 123 133 437 103 115 167 145 199 230 lOll §1
5 510 265 435 1136 207 233 911 1010 440 122 560 355 80 220 2353 '-< t"l 6 215 347 310 435 215 202 161 712 117 132 123 90 178 133 1299 8 
~ 
~ 
._, 
0 
H) 
(7) 230 205 119 690 183 515 255 1090 95 162 81 83 317 71 1644 ,:: >j i 8 170 121 382 447 187 121 225 720 511 142 137 585. 313 180 1187 
~ 9 135 lOO 141 308 150 230 427 459 133 206 250 129 115 192 975 
1-'· g 
(\) 
;..: 
0 
10 240 426 700 1380 349 360 '703 907 132 211 271 152 100 350 2532 >j (\) 
<+ (11) 62 125 109 237 155 62 110 270 92 88 72 137 150 52 565 (\) p., 
(12) 83 445 353 342 82 125 233 378 82 130 110 115 158 313 1020 o' 
'<I 
13 93 220 150 162 337 282 1236 107 146 141 215 183 ll8 2017* <+ 
""" 
(\) 
14 99 217 126 385 86 109 279 485 105 125 104 606 150 257 893 Ul 
(15) 112 113 85 300 110 112 196 740 65 105 102 53 83 78 665 g. 
'-'· (\) 
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Subject 
No. 
1 
2 
3 
4 
5 
6 
( 7) 
8 
9 
10 
(11) 
(12) 
13 
14 
(15) 
Equated Standards 
Std-1 Std-2 Std-3 Std-4 
.010 .028 .046 .064 
.016 .031 .047 .063 
,014 .024 .035 .046 
,002 .005 .008 .011 
.004 ,001 .011 .014 
.012 ,023 .034 .045 
.010 .027 .044 .061 
.015 .029 .043 .057 
.009 .019 .030 .042 
.018 .033 .048 .063 
.012 .024 .037 .050 
,014 ,027 .041 .055 
.027 .045 .062 .080 
,012 .025 .037 .050 
.022 .038 .054 .071 
Norm (control) Dates Treatment (test) Dates 
Nl-1 
:c 
N1-2 N1-3 Nl-24 N2-1 N2-2 N2-3 N2-24 T1-1 T1-2 T1-3 T2-1 T2-2 T2-3 
.083 .096 .134 .144 .161 .140 .187 .139 .188 .139 .151 .235 .273 • 293 
.034 .023 .065 .102 .029 .123 ,004 ,080 ,069 ,119 .113 .046 .087 .no 
.041 .088 .049 .118 .015 ,022 .071 .080 .066 .084 ,102 .047 .055 .093 
.023 .041 .033 .098 .031 .050 .048 .049 .065 .081 .053 .036 .037 .035 
.015 ,027 ,009 ,018 .021 .025 .011 .046 .013 .on .120 .oo6 .o:n ,025 
• 057 .035 .0380 .108 .094 .080 .061 .047 .094 .086 .112 .071 .091 .096 
.078 .134 .253 .116 .093 .042 .150 .118 .242 .132 .268 .251 .193 • 365 
.092 .101 .035 .070 .062 .076 .053 .051 .044 .115 .092 ,024 .047 .067 
.010 .n6 .097 .080 .046 .033 .025 .044 .053 .055 ,041 .059 .102 .047 
.026 .024 .024 .044 .043 .046 ,021 ,055 .093 .058 .062 .076 .150 .039 
.044 .• 059 .074 .179 .036 .057 ,036 .113 .067 .041 .070 .034 .055 .148 
.no .024 .031 .055 .164 .059 .025 .066 .093 .054 .076 .103 .079 .035 
.346 .171 .191 .298 .13~ .us .164 .310 .231 .203 .229 .184 • 215 
.189 .099 .140 .106 .144 .084 .062 .074 .095 .134 .189 .039 .073 .055 
.188 .126 .240 .199 .188 • 200 .106 .107 • 225 .114 .161 • 215 .no .152 
FIGURE 37. 
Experiment 4. 
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subjects was 43 mg per 24 hours, and 50 mg per 24 hours for the male 
subjects. 
The distribution of the 180 urinary 17-steroid values (excluding the 
24 hour values) obtained for all subjects in Experiment 4 was very 
skewed in a positive direction (see Fig.38 1 p.246). Because of this 
positive skewness 1 the data were logarithmically transformed. Although 
a precedent for doing this was not found in the literature. It was 
considered appropriate since the data were normali.zed by this procedure, 
so that subsequent statistical analyses, particularly the analysis of 
variance, stood on firmer ground. The results of the logarithmic trans-
formation for the urinary 17-steroid material excreted in Experiment 4 
are given in Table 59, p.247. 
The log values for urinary 17-steroid material excreted, during Experiment 
4, were subjected to an analysis of variance 1 as shorm in Table 60 1 p.248, 
This shows that only subjects and times exerted a significant effect (at 
5 per cent level) on the log of 17-steroid material excreted. Days, 
including treatment test days, and combinations of subjects, days and 
time. did not exert a significant effect upon the results. Insofar as 
the log of 17-steroid material excreted indirectly indicates systemic 
stress change, no significant differential effect was induced between the 
norm and treatment days. 
A further examination of time effect was carried out. The mean and 
associated SE of the log of the 17-steroid material excreted at different 
times were determined (see Table 61, p248). These means ·were then com-
pared by "t'' test as shown in Table 62, P·248• Significant differences 
(at 5 and 1 per cent levels) were obtained in 2 of the 3 comparisons. 
The 1330 level (i.e. representative of 0930 corticosteroid blood titer) 
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Experiment 4. The log transformation of. the urinary corticosteroid material (mg/sq,m/hr) 
excreted by fifteen subjects four days at three different times. Female subjects are bracketed. 
NORM 1 NORM 2 TREATMENT 1 TREATMENT 2 
TIME 1330 1700 2100 1330 1700 2100 1330 1700 2100 1330 1700 2100 
1 .0778 .2549 .1255 .1638 .2017 .3878 .1467 .2347 -,1249 -. 2191 .3522 .0852 
2 -.0132 -.6270 .3731 -.0164 -.0947 -.2899 .4009 .0136 -.0804 -.0969 -.0329 -.1568 
3 .1189 .1600 ,0842 -.0969 -.3757 -.0605 .2001 • 2253 .0157 .3657 .3230 .0448 
4· .3959 -5409 .3'142 .2761 .2579 .2164 .3593 .4341 .3574 ,2577 .3397 .3212 
5 .1987 -.0570 -.0565 -.1463 -.1249 .2768 .1158 -.1427 ,0802 -.0540 -.5072 -· 2041 
6 .0937 .0245 -.0521 .3137 -.1593 -.1273 .0468 -,0070 .0207 -,1878 .1479 -.0106 
(7) .1945 .2975 .2684 .1660 .2427 .3811 • 2777 ,1889 .1255 ,2350 .• 6385 .2007 
8 .0359 -.1385 -.1238 -.0841 -.2573 -.1952 • 2164 -.0150 -.1831 ,0461 -,0376 -.1911 
9 .0064 .0249 .0382 -.1232 -.1343 -.0334 -.1203 ,0261 -.0685 -,0814 ,0290 -.1319 
10 -.4342 -. 2933 -.1349 -.0177 -.0448 -,2034 -.0878 ..:.,1681 -,0867 -.1158 ;.,0590 -.1878 
(11) -.5143 -.1549 -.1746 .0132 -.4750 -.4868 -.1630 -.4584 -.3788 -. 2782 -.1018 -.1965 
( 12) -,0186 -.1284 -.1397 ,0025 -.3161' -:-·4584 -.1024 -. 2321 -. 2218 .0948 .0376 -.1261 
13 -.2487 -.1135 -.3197 -.0496 .0187 -.1481 -. 2418 -. 2277 -.3325 ,0047 -.1833 -.3958 
14 . .2225 ,2193 .0723 .0453 -.1530 .0705 -.0467 .1096 .1199 .3363 -.0773 -,0164 
( 15) .2314 ,1832 ,0645 .0395 -. 2076 -.0287 -.0899 .0990 ,1290 ,1168 -.1518 -.1391 
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Experiment 4. The log transformation of the urinary corticosteroid material (mg/sq.m/hr) 
excreted by fifteen subjects four days at three different times. Female subjects are bracketed, 
NORM 1 NORM 2 TREATMENT 1 TREATMENT 2 
. 
TIME 1330 1700 2100 1330 1'700 2100 1330 1700 2100 1330 1700 2100 
1 .0778 .2549 .1255 ,1638 ,2017 .3878 .1467 .2347 -.1249 -.2191 .3522 .0852 
2 -.0132 -.6270 .3731 -.0164 -.0947 -.2899 .4009 .0136 -.0804 -.0969 -.0329 -.1568 
. 
3 .1189 .1600 .0842 -.0969 -.3757 -.0605 .2001 .2253 ,0157 .3657 .3230 .0448 
4 .3959 ·5409 .3742 .2761 • 2579 .2164 .3593 .4341 .3574 .2577 .3397 .3212 
5 .1987 -.0570 -.0565 -.1463 -.1249 .2768 .1158 -.1427 .0802 -.0540 -.5072 -.2041 
6 .0937 ,0245 -.0521 .3137 -.1593 -.1273 .0468 -.0070 .0207 -.1878 .1479 -,0106 
(7) .1945 .2975 .2684 .1660 .2427 .3811 .2777 .1889 .1255 .2350 .6385 • 2007 
8 .0359 -.1385 -.1238 -.0841 -.2573 -.1952 .2164 -.0150 -.1831 .0461 -.0376 -.1911 
9 ,0064 .0249 .0382 -.1232 -.1343 -.0334 -.1203 .0261 -.0685 -,0814 .0290 -.1319 
10 -.4342 -. 2933 -.1349 -.0177 -.0448 -,2034 -,0878 -,1681 -.0867 -.ll58 -.0590 -.1878 
(11) -.5143 -.1549 -.1746 ,0132 -.4750 -.4868 -.1630 -.4584 -.3788 -.2782 -.1018 -.1965 
( 12) -.0186 -.1284 -.1397 .0025 -. 3161 -.4584 -.1024 -. 2321 -. 2218 .0948 .0376 -.1261 
13 -.2487 -.ll35 -.3197 -.0496 ,0187 -.1481 -.2418 -. 2277 -· 3325 .0047 -.1833 -.3958 
14 .2225 .2193 .0723 .0453 -.1530 .0705 -.0467 .1096 .1199 .3363 -.0773 -.0164 
( 15) .2314 ,1832 ,0645 .0395 -.2076 -.0287 -.0899 .0990 .1290 .1168 -.1518 -.1391 
TABLE 60 
Experiment 4. Analysis of variance comparing the effects of days 
(including experimental treatments) and times of measurement, upon the 
logarithm of urinary corticosteroid material (mg/sq.m/hr) excreted. 
Source DF ss MS Variance Ratio 2-Tail 
Against (a) Significance 
Subjects (s) 14 4.839 .345 16.429 ** 
Days (D) 3 .102 .034 1.619 NS 
Times (T) 2 .189 .095 4.523 * 
S X D 42 1.244 .030 1.429 NS 
SxT 28 .602 .022 1.048 NS 
DxT 6 • 201 .034 . 1.619 NS 
SxDxT 84 1.726 .021 (a) 
Total 179 8.903 
TABLE 61 
Experiment 4. Mean and associated standard error (SE) of logarithm 
(with absolute value, mg/sq.m/hr) of urinary corticosteroid material 
excreted at <l.ifferen:f; times. 
Time of Representative 
specimen :time X SE 
1330 ( 930) + .0434 (1.105) .019 
1700 (1300) - .0105 ( ·976) " 
2100 (1700) - .0338 ( • 925) " 
TABLE 62 
Experiment 4. Comparison by "t" test of means obtained at different 
times, for logarithm of urinary corticosteroid material (mg/sq.m/hr) 
excreted. 
Means SE of 2-Tail 
Compared Difference Difference lt t" DF Significance 
1330 to 1700 + .0539 .0264 + 2.037 84 
" 
1700 to 2100 + .0233 " + .88 " NS 
1330 to 2100 + .0772 " + 2.917 " ** 
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was significantly higher than both the 1700 (i.e. 1300) and 2100 (i.e. 
1700) log of 17-steroid material excreted. It was also found that the 
l 700 log of l 7-steroid material excreted was not significantly higher 
than that excreted at 2100. Thus an overall do>mward trend, slightly 
diminished after 1700, occurred in 17-steroid material excretion in 
Experiment 4. 
Another analysis, with respect to the effect subjects treatment days 
and times had on the 17-steroid material excreted by subjects in 
Experiment 4 was undertaken. So that a better comparison with EBC 
results could be made for each subject, the difference in the percentage 
change for l 7-steroid was calculated in a like manner to that for EBC 
(see p.223). The results of this analysis are given in Table 63, P·25Q. 
Overall a mean, 17-steroid material excreted difference in percentage 
of change on treatment days from the norm was -21.6 per cent. The 
average difference for T1 test day was -21.5, and for T2, -21.7. 
Data in Table 63, p250 were subjected to an analysis of variance (see 
Table 64, p251). Subjects, times and subjects (x) time were all found 
to exert a significant effect (at 1 per cent level) on the difference 
in percentage change in 17-steroid material excreted. The mean and 
associated SE for the difference in percentage of change at different 
sample times are given in Table 65, P•251• These means are compared by 
"t" test as sho~-~TI in Table 66, p.251. A significant difference W<l;S 
found to exist for all three comparisons made. The 1330 to 1700, 
difference in percentage change was greater, i.e. significantly (at 1 
per cent level) more positive, than that bet~-Jeen 1700 to 2100. The 
difference between 1330 and 1700 was also higher (at 1 per cent level) 
than that between 1330 and 2100. On the other hand, the l 700 to 2100 
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TA:BLE 63 
Experiment 4. The difference in percentage change of urinary · 
corticosteroid material (mi/sq.m/hr) excreted 1 on two treatment test 
days (T1 and T2) from that established as the norm (i.e. average of two 
days) for fifteen subjects, is given. Each specimen time is shown with. 
its representative time given in brackets (projected back 4 hours as a 
minimal response lag). Female subjects are also bracketed. 
i PRE TEST PERIOD 
Subject i 
No. , 1330 
(0930 
1 
2 
3 
4 
5 
6 
(7) 
8 
9 
10 
.. (11) 
~(12) 
13 
14 
(15) 
MEAN 
'1'1 
+ 21 
'+ 1 
t- 25 
' 
1 + 29 
1- 42 
I 9 I: 39 
- 33 
- 80 i + 21 
i f- 24 
! + 62 
' \ + 81 
! + 1 
to 1700 
to 1300) 
T2 
+ 6 
+ 62 
+ 9 
+ 3 
- 45 
+ 157 
+ 130 
+ 15 
+ 28 
- 30 
+ 20 
+ 25 
- 62 
- 43 
- 19 
+ 17 
TEST PERIOD 
1700 
(1300 
'1'1 
- 70 
- 451 
- 81 
+ 4 
- 9 
'I-ll 
- 29 
- 42 
- 35 
+ 16 
+ 24 
+ 18 
+ 14 
- 17 
- 6 
- 43 
to 2100 
to 1100) 
T2 
- 60 
- 457 
- 92 
+ 16 
+ 25 
- 26 
- 79 
- 39 
- 46 
- 30 
- 16 
- 16 
- 4 
- 4 
- 10 
- 56 
I OVER :BOTH PRE TEST l AND TEST PERIOD 
, 1330 to 2100 
f (0930 to 1700) 
T1 T2 
' ; 
~ 
l - 86 
l - 115 J 
I - 35 
I + 9 
- 68 
i 
~ 
I 
. l 
! 
·i i 
1 
I j 
i 
+ 40 
- 71 
- 33 
- 3 
- 32 
- 46 
+ 21 
- 74 
+59 
+ 42 
- 26 
. - 66 
. - 61 
- 53 
+ 25 
- 89 
+ 96 
- 49 
- 15 
- 26 
- 47 
- 4 
+ 5 
- 43 
+·44 
- 68 
:... 23 
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TABLE 64 
Experiment 4. Analysis of variance comparing the effects of days 
(experimental treatments) and periods of measurement upon the 
differences in percentage of change in urinary corticosteroid 
material (mg/sq.mjhr) excreted. 
Variance Ratio· 2-Tail 
Source DF ss ~w Against (a) Significance 
Subjects(S) 14 202688.6 14477.8 8.622 ** 
Days (D) 1 92.0 92.0 .055 NS 
Periods (P) 2 . 52508.0 26254.0 15.635 ** 
s xD 14 31788.1 2270.6 1.352 NS 
s X p 28 263222.0 9400.8 5·598 ** 
DxP 2 2945-9 1473.0 .877 NS 
S X D X P 28 47016.5 1679.2 (a) 
Total 89 600261.1 
TABLE 65 
Experiment 4. Mean and associated standard error (SE) of differences 
in percentage of change in urinary corticorticosteroid material (mg/ 
sq.mjhr) excreted at different times. ' 
Time of Representative 
Specimen time X SE 
1330 to 1700 ( 930 to 1300) + 9.233 7.481 
1700 to 2100 (1300 to 1700) -47.700 11 
1330 to 2100 ( 930 to 1700) -24.766 11 
TABLE 66 
Experiment 4. Comparison by 11 t" test of means obtained at different 
times, for the differences in percentage of change in urinary corti-
costeroid material (mg/sq.m/hr.) excreted. 
Means 
Compared Difference 
SE of 
Difference tl t" DF 
2-Tail 
Significance 
1330 to 1700 
and 
1700 to 2100 
1700 to 2100 
and 
1330 to 2100 
1330 to 1700 
and 
lj30 to 2100 
+ 58.933 
- 24.934 
+ 33.999 
+ 5-570 
11 
- 2.357 
11 + 3.214 
28 ** 
11 
* 
" ** 
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difference in percentage of change was lower (at 5 per cent level) than 
that found between 1330 and 2100. 
As before the same procedure was followed in the analysis of interaction 
effects. The mean and associated SE of differences in percentage 
change of 17-steroid material excreted for different subjects, at dif-
ferent periods of time were determined. Results are shown in Table 67, 
p. 253- As indicated in Table 68 1 p254 1 these means were compared by 
"t" test. Seven cases were found to exist in which a significant 
difference (at 5 and 1 per cent levels), in percentage change between 
two periods of time 1 occurred. Four subjects were invol ved 1 with sub--
ject 2 accounting for 3 significant differences. Subjects 2 1 6 1 7 
exhibited a significantly greater, i.e. more positive, difference in 
their percentage of change for 1330 to 1700 1 than for 1700 to 2100. 
Subjects 2 1 and 1 underwent a significantly greater, i.e. more positive, 
percentage of change for 1330 to 1700 than for 1330 to 2100. Subjects 
2 and 1 also had significantly smaller percentage of change drop during 
1}30 to 2100 than they had for 1700 to 2100. Finally, subject 5 had a 
significantly greater drop in_percentage change from 1330 to 2100 1 than 
from 1700 to 2100. 
Mean T1 and T2 test day differences in urinary 17-steroid percentage 
change from that of the norm days during the pretest 1330 to 1700 
period were non significant. Negative changes occurred, however, during 
the 1700 to 2100 period.on both the T1 and T2 test days. This is the 
reverse of what occurred on the norm days. The negative urinary 17-
steroid percentage of change through 1700 to 2100 period on the T1 test 
day was less marked than that occurring on the T2 test day. 
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TABLE 67 
Experiment 4. Mean and associated standard error (SE) of differences 
- in percentage of change in urinary corticosteroid material (mg/ sq .m/hr.) 
excreted by different subjects at different periods of time, (S x P). 
1330 to 1700 1700 to 2100 1330 to 2100 Time of 
specimen 
( 930 to 1300) (1300 to 1100) ( 930 to 1100) Representative (s) time 
No. - - SE X X X 
1 .5 - 65.0 - 16.0 28.91 
2 + 24.5 -454-0 - 88.0 " 
3 + 15.0 - 36.5 - 44.0 " 
4 + 2.0 + 10.0 + 11.0 " 
5 - 35.0 + 8.0 - 18.5 " 
6 + 93.0 1·5 +68.0 " 
1 + 44.0 - 54.0 - 60.0 " 
8 + 3.0 - 40-5 - 24.0 " 
9 + 33.5 - 40.5 - 14.5 " 
10 - 31.5 7-0 - 39-5 " 
11 - 30.0 + 4.0 - 25.0 " 
12 + 23.0 + 1.0 + 13.0 " 
13 - 43.0 + 5.0 - 58.5 .. 
14 + 9-5 - 10.5 + 51.5 .. 
15 + 30.0 
-
8.0 - 13.0 " 
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TABLE 68 
Experiment 4. Comparison by "t" test of means obtained for different 
subjects at different periods of time (s x P) for the differences in 
percentage of change in urinary corticosteroid material (mgjsq.m/hr.) 
excreted. (Only differences with some significance are given.) 
(s) Means SE of 2-Tail 
No. ComEared* Difference Difference "tn DF Si!l:!!ificance 
1330 to 1 'lOO 
2 and + 478.5 40.98 + 11.67 28 ** 
1700 to 2100 
6 " + 100.5 " + 2.45 " * 
7 " + 99.0 " + 2.42 " * 
9 " + 78.0. " + 1.90 " NS*. 
1700 to 2100 
2 and - 366.0 " - 8.93 " ** 
1330 to 2100 
5 " + 86.5 " + 2.11 " * 
6 " 75.5 " - 1.84 " NS* 
1330 to 1700 
1 and + 75·5 " + 1.84 " NS* 
1330 to 2100 
2 " + 112.5 " + 2.')5 " * 
7 " +.104.0 " + 2.54 " * 
(* only times of sample taking are given) 
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4.4.5 Visual-Postural Behaviour Results 
Data from the postural alignment data sheet (see Appendix 16 1 pl!38) used 
in photography and the sedentary support-work surface configuration 
adjustment are given in Table 69 1 p.256. This Table shows, particularly 
in the T2 condition, the final dimensions of the configuration after 
adjustment to the individual and anthropometric changes which it imposed. 
On average, the seat pan front-edge height, in the T2 condition, was 4.5 
cm higher (including 3.8 cm allowed for compression) than the 43.8 cm 
height maintained in the T1 condition. Subjects• average knee crease 
height was 51.2 cm in both Tl and T2 .conditions. Their hi~joint was 
L6 cm higher in the T2than in the T1 condition, i.e. at 50.5 cm corn-
pared with 48;9 cm. 
. . 
in't:he.T2 condition, subjects were placed in a. 
posture in which their knee joint height on average was higher than their 
hip-joint height. The reverse of this was true in the T1 condition. 
There was more thigh-buttock support provided during the condition T2 
than during the condition T1. This was indicated by the fact that on 
average, seat back to seat front-edge depth was 1.6 cm greater in the 
T2 condition (i.e. 31.8 cm for T2 and 36.2 cm for T1). Furthermore 1 in 
0 qondition T2 the 20. sloped work surface was on average 2.4 cm lower, at 
. its near-back edge 1 than the horizontal surface height in the T1 condition •. 
It can be argued that this difference allowed subjects greater freedom 
for movement of the elbows, forearms and hands. 
Thus differences in body support were provided between the T1 and T2 con-
ditions 1 with more static physical support being provided in the latter 
condition. 
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TABLE 69 
Experiment 4. The seated anthropometric and sedentary support-work 
surface configuration dimensions that were taken from fifteen subjects 
(s) in the T1 and T2 conditions. 
s•s Treat- Knee Hip Acromial Seat pan seat Work surface 
No. 1 ment crease Joint point front-edge depth back-edge 
Sex. No. ht.** ht. ht. ht.* ht. 
53~3 ' ('I (43;8) ( 36~ 2) (72;3) 1 T1 49;0 95;5 
M T2 11 52.0 97.4 49.5 42.5. 66.0 
2 T1 50.8 47·5 93.5 ( ) ( ) ( ) 
M T2 11 49.5 96.5 46.9 37.4 70.4 
3 T1 53.3 49.5 102.0 ( ) ( ) ( ) 
M T2 11 53.0 104.5 49.5 39.4 72.3 
4 T1 55.8 . 49.0 104.0 ( ) ( ) ( ) 
·M T2 11 53.6 106.0 52.1 . 39.4 72.3 . 
5 T1 57.6 47 .o 104.0 ( ) ( ) ( . ) .·. 
M T2 11 53.0 106.0 53·9 . 39.4 74.9 
6 T1 52.4 49.0 97·5 :C ) ( ) ( ) .. 
M T2 11 53.5 98.o· 48.8 40.0 71.7 
7 T1 49.5 49.0 94.0 ( ) ( ) ( ) 
F T2 11 49·5 94.5 45.7 35.6 . 67 ·9 
8 T1 52.0 49.2 99·2 ( ) ( ) ( ) 
~~ T2 11 49·5 98.5 48.2 40.6 71.1 
9 T1 49.5 49.8 . 97.2 ( ) ( ) ( ) 
M T2 11 49.2 97.0 45.7 36.8 71.1 
10 T1 57.6 48.6 100.9 ( ) ( ) ( ) 
M T2 11 55.5 108.2 53.9 37.5 75.7 
11 T1 45.7 48.0 96.0 ( ) ( ) ( ) 
F T2 11 45.0 90.0 41.3 34.5 64.4 
12 T1 50.8 50.5 100.5 ( ) ( ) ( ) 
F T2 11 52.0 99·5 46.9 36.2 69.5 
13 T1 49.5 48.0 102.0 ( ) ( ) ( ) 
M T2 11 48.5 96.0 •45.7 . 40.0 71.1 
14 T1 53.3 49.0 98.0 ( ) (. ) ( ) 
M T2 11 51.0 98.0 49.5 39.0 71.1 
15 T1 50.8 51.0 97 .o ( ) ( ) ( ) 
F T2 11 50.5 99.0 46.9 38.7 71.1 
- T1 51.2 48.9 98.2 (43.8)* (36. 2) ( 72. 3) X= 
T2 11 50.5 98.2 47.3 37.8 69.9 
M = T1 53.2 48.7 99·4 ( ) ( ) ( ) 
x T2 11 51.7 100.6 49.4 39.3 71.6 
F = T1 49.2 49.0 96.8 ( ) ( ) ( ) 
X T2 11 49.3 95.8 45.2 36.3 68.2 
* In T2 this height included a correction of minus 3.8 cm for compression 
of the seat surface. 
** Subjects wore the same shoes in T1 and T2 1 when this dimension was 
measured. 
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All data relating to the subjects' visual-postural behaviour derived 
from the photographic records in the T1 and T2 conditions, i.e. during 
the reading-writing task carried out between 1400 and 1700 are given 
in Table 70, p. 258. These data were broken down into 4 periods, each 
of approximately 45 minutes duration. This was done so that an 
analysis of subjects• visual-postural behaviour through time could be 
conducted. 
Three. primary sets of comparative T1 and T2 data were .taken from Table 
:70, p~258. ·These were:- (1) measures of subjects• average visual 
change~ This information was used as an indication of subjects' 
occular function, efficiency and effort during the treatment condittons; 
(2) measures of subjectsi· average postura:I. change. This information 
was used as an indication of subjects• amount of dynamic, biomechanic 
effort during treatment conditions; and (3) measures of subjects• 
postural·balance, through time, with respect. to their line of optimal 
balance, i.e. the vertical axis through the midplane of their body. 
~his information was used as an indication of subjects• amount of static, 
biomechanic effort during treatment conditions. 
Data pertaining to ( 1) above are shown in .Table 71, p. 264. In the T1 
·condition, the subjects• mean amount of visual asymmetry, .. ·in the 
. 0 
frontal plane of space tvas 13.6 • 0 The means ranged between 5.2 
0 
21.7 • In the T2 condition the subjects• mean amount of visual 
and 
0 ° 0 
asymmetry was 7.4 with subjects' means ranging between 2.8 to 13.3 • 
The visual asymmetry data in Table 71, p.264, were subjected to an 
analysis of variance as shown in Table 72, p.266. Results of this 
analysis indicate that both subjects and treatment conditions exerted 
a significant effect (at 1 and 5 per cent levels) upon the amount of 
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. (l) ..::., ~ ,---- 1--" ·e-r ';!>.) V'1 .- V"' .- rro .- ' '-''1 r- (Jq }-'• m l-'· (D J-l• 0tl 1-'· erg 1--'t!JN. CD ~. ~ ~ 1-'· --r& ~· Jt1 I-'· p.. H) ~· .-J 
00 ro PJ P" 1--' ro oo ([) ro ro ro ro ro eo ro ro ro ro oo -et\ c+ _Ul: o ro ra ro ro 8 11 ro 0 ·--<+~--~~o~P-+--+--~-~--+----+--~-~-~---~-~---+-~~_:~~::S-*+----+-~--~~~ ~ 
1 0-30 35-45 30-4S 3.S 9.5 0- 0 13 -14. 1.5 4.0 0- 0 1.4-3.2 1.8 1.5 1-ll ~ 12-13 0-0 l. 'g.f" 
/41-46'16-\7 4.'i 3.4 0-012:9-19; 6.5 6.0 0-01.-4.5 3.5 2.7 7-9 R 0-12ll-O 23. t 
['.. R C('j tjl 
5·9 2.7 3-18 IL~ 6-9 0-0 3. Ill "l 
f'-.R 'g.@ 
4·5 7.5 4-81'-.11-13 o-o 2. !!''{} 
1.5 ·9 0-131~ 7-9 0-0 2. [lJ <+ 
:0 f.'• 
4.0 • 5 13-13 ~ 0-12 6. 5-0 18. p.. ~ 
3 .a 1.1 5-6 I~ o-13~,. 5-o 20.5 ~ ~. 
1'-..o P tJJ 
2.0 1.0 0-1 1 ~ 6-19 0-0 12.5 ~ ~ 
1.0 ·5 0-261~ 6-14 0-0 8.0 P..-6 N ,_,o 
}.0 1.5 12-211L~ 0-13 5.5--{ 1S.O ~ ~ 
I'-. b ,_. ~ 81-130 42-63 21-48 13. 5 22.5 0-14. 0-13.5 2S.O 10.0 0-1.2 0-0 1.2 1.5 3-27JL'-, O-S r·S-0 10.5 V1 ~ 
131-1So 66-67 l3-::?5 6.o 14.5 o-o '1. ~-9~,·· -f-...L..!... 7  5'+---'g:..:.·~o~o::::-2"-'_,~o'-~o-::..3"--+-""'i.~0+-"1.:... s'-!-....!2:.::-""'31=+:~4....:o~-:::.12131S::..:.·..L5:::-0:..t-1=..9~.""-15 ~ "" 
- """' 2 0-30 76-S3 22-28 8.o n.o o-o 1 -16.5 15.5 s.2 o-4.0 o-2 6.o 1.5 o-141~ o-9 b.o-o 10.5 'm· !if 
(',. R 0 <: 
T2 31-80 /70-7.2 22-2.5 4.2 11.5 0-0 4- 20 16.0 12.0 0-0 .5-3 1.5 1.0 12-15 ,L~ 3-9 0-0 6.9 [i g' 
81-uo 61-62 :,o-36 s.2 9.s o-o 1- n 1o.o 8.o o-3 o-1.5 4.5 3.s 6-13R 1-1 o-o .2 ~ '1 
'\.R "l P, 
131-180 50-12 21-31 7.5 2.5 o-o 5 -15.5 10.5 8.o 0-5.5 o-1 6.5 1.5 5-101 f 3-8 o-o s.o "1t 
·" 0 [lJ 3 0-30 1'54-55 37-40 ').5 2.5 0-0 8.5-11.' 3.0 2.0 0-1.2 0-0 1.2 1.5 2-1S L'-. 1-12 0-0 10.3 iS,<+ I~ ,_.. ~=>' ~1 1 31-80 40-60 35-39 6.5 8.5 0-0 10- 23 13.0 7.0 0-3.0 0-2 5.0 2.0 5-351L '-. 2-12 0-0 10.0 f11t 
81-130 45-50 33-52 10.5 14.5 0-1.5 0- 15 16.5 7.5 0-5·5 0-4.5 10.0 2.0 4-131~ 0-6 0-0 5.7 g ~ 
131-180 146-~g 28-44 8.0 15.0 0-0 .5- 20 16.5 8.0 0-2.0 0-3 5.0 2.0 10-24.1~ O-S 0-0 8.0 ro 
81-130 36-'55 29-52 7.1 19.5 0- 7 0- 14 21.0 11.0 0-1.9 0-4 
T1 . 11-80 
131-180 42-50 32-38 10.0 10.0 0- 0 10.5-20 19•5 3.2 0-0 8-12.5 
1 0-30 155-76149-52 1.0 6.o 3-3.9 o ..; o 3.6 3.5 o-.2 0-1.3 
T2 31-SO 58-64 40-99 4.1 5.5 0·- 5 .0 - 5 10.0 6.0 0-2.0 . ·· 0-2 
81-130 65-73 36-37 10.0 9.0 0-4.5 0-3.5 s.o 2.1 5-3.5 'Q-0 
131-180 64-68 35-42 13.0 3.3 0-1.5 0-3 4.5 4·5 2.8-4. ;; 0-0 
2 0-30 59-67 18-25 5, 5 8.0 0-0 '3. 5-10 6. 5 1.1 1.;.2,\) I 0-0 
T1 31-80 IS0-76 16-110 lll.'i 18.0 0-7 · 0-9.5 16.5 5.0 1-4.0 0-0 
*degrees of left (1) and or right (R) head rotation. 
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SAGITTAL PLANE :MOVEMENT (in the vertical and hor"zontal axes of space) cm 
~8'1:1 s ,.,. (\) interpupillary notch acromial point hip-joint point 1-'• s '"! 
~ (l) 1--'· 
"' 0 <+ p. Ill < ,...,...., g.'(l &¥ '1>1~ ~ ¥· ~ g.~ g. '(I '"! N '1 N g.~ &'1 ro :; >'· t1l 0 Ill I ill I~ ill I --.. 
Ul 0 oq m :; 0 § ~ § ~ [§~..: :; ~ .· I § ~ § ~ ~~~ :;~..!_. § ~ § ~ ~ ...., ,_.,., Ill(:', ()q . ...:., ro (:', oq .... ()q ,..,. C1l ,..,. (j) ,..,. o:l ~· ()q >'· (\) ,..,. o:l ,.,. ()q >-'· oq ,_,. 
"" 
ro m ro m m 
"' 
ro m m Ul ro m C1l Dl 
0-30 59-64 38-53 3. 31. 0-16 0-9 25. s. 0-1. 0-10 11.5 1.7 
31-80 61-64 36-50 5-5 22.5 0-19.' 0-8.5 28. 10.5 0-4. 0-9-5 14. 2. 
81-130 55-71 33-58 9· 27. -17.5. 0-11 28.5 10. 0-4 0-11.5 25.5 2.5 
131-180 62-72 32-49 7. 18. 0-0 0-12 12. 7- .5-3-5 0-0 3-5 l. 
0-30 51-58 41-44 5- 12. 0-0 3-5-13 9·5 5. 0-0 0-2 2. 1.5 
31-80 62-68 33-40 5. 10.5 0-0 5-5-17.5 12. ]. 0-2.5 0-1.5 4. 4-
81-130 49-59 43-48 2.7 9· 0-0 7-21 14. 5.5 0-4.5 0-2 6.5 1.5 
131-180 33-56 42-70 6.5 26.5 0-9·" 0-16 25.5 10. 0-3. 0-7 10. 2.5 
0-30 64-66 51-53 2. 6. 1-8. < 0-0 7.5 3.5 0-1 0-0 l. .s 
."\1-80 60-63 55-57 3-5 6.5 • 5-9. 0-0 8. 5.5 0-3 0-1 4. l. 
81 -130 65-65 50-60 4. 16.5 1 .-:J. 9 0-0 18. 4-5 0-1.5 0-1.5 3. 1.6 
131-80 66-70 49-53 2. 6. 5.5-8 0-0 2.5 4· 0-4 0-3.5 7-5 1.2 
0-30 37-44 37-57 6.5 14.5 0-0 4-19 15. 8.5 0-5·5 0-0 5.5 l. 
31-80 47-56 40-45 3.5 11. 0-0 6-21 15. 2.5 0-2 0-1 3. 1.5 
81-130 34-64 41-71 8.5 30. 0-10 0-23 33. 9· 0-6 0-1.5 7.5 1.5 
131-180 54-56 40-'i4 9.1 8.~ 0-0 0. ">-16 'i. 8.'i 0-"\ o-.s ,,'i 2.5 
0-30 64-93 27-49 11. 21. 0-0 0-18.5 18.5 14. 0-1.5 0-2 3.5 3. 
31-80 64-6" 39-48 6. 9.5 0-0 b. 5-15 12.5 8.5 0-4 0-1.5 5.5 2. 
81-130 70-71 32-50 4-5 18. 0-0. 1-2.5 23.5 7·5 0-2.5 0-1 3.5 . 3.5 
131-180 66-77 38-48 6. 19. 0-5~' 0-34 39.5 12.5 0-1.5 0-3 4·5 6. 
*degrees of left (L) and or right (R) head rotation. 
FRONTAL PLANF: rm 
mid-point of eyes 
Ill < 6 >-j "~ 0 " '"! "' ,....._ "' .... Ill I + Ill I I t:>'l 
lmill <+ :; ~ ~ ~~~ § ~ 
"' :; ~ ~ 1-'· 
"'(:','"' (\) ,..,. ()q ,..,. ..... OJ m ro m 
.+ 0 
'i 13* 
3-13 I~ 4-12 0-0 7-5 
5-12 ~ 0-7 6-0 13. 
2-4 ~ 2-16 0-0 "13. 5 
7-16 ~ 4-10 0-0 6.5 
3-31 I~ 6-15 0-0 8.9 
17-43 ·~ 4-15 0-0 11.5 
14-20 ·~ 3-15 0-0 13. 
4-24 I~ 2-21 0-0 19. 
4-1\.5 ~ 2-11 0-0 8.5 
1-16 I~ 1-9 0-0 7.5 
4-5 I~ 3-11 0-0 8. 
11-13 ~ 0-4 2-0 6. 
2-6 ·~ 5-11 0-0 5. 
1-4 ~ 10-0 2-0 12. 
5-13 I~ 5-l' 0-0 7-5 
3-7 I~ 2-l; 0-0 10.5 
2-4 I~ 0-2; 0-0 22. 
5-15 N 1-1( 0-0 16.5 
1-7 ~ 0-5 5-0 10. 
2-13 ~ 0-lC 0-0 18.5 
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SAGITTAL PLANE MOVEMENT (in the vertical and horizontal axes of space) cm 
~8 >tJ interpupillary notch acromial po · nt hip-joint oint S 1-'· CD 
1-'· s 'i 
~ ID r-'· g.~ ~~~ § ~I g.~ &'1 'i >-: §~I o X &'1 " 0 ?l <: ""''"" &·'1 ?l I ~ ;:Ti c+ "" :::< ,_,. (!) 0 ~ ~ § ~ § ~ :::< (ll + ~ ~ ~ ~. CD Oll 1Jl :::< 0 ~ ~ ~ J,..:. Oll >-: ~ 'i%J>-1Jl 0 
""" o.s.~ "" ,_,. 
CD 1-'· Oll \-'• Oll ,_,. CD t-'· Oll 1-'· ~ ,_, CD (ll Oll f-'• CD 1Jl 1Jl 1Jl 
"' (Jl "' Ul Ul Ul CD 1Jl f-' ;:T (D "' 
CD Ul 
0-30 56-65 23-56 8.0 23. 0-4 0-16.5 20.5 3. b- .5 0-3 3.5 1.5 
31-80 60-75 19-31 8.5 19. 0-5.5 0-14.5 20. 6. 0-0 0-3.5' 3.5 .5 
81-130 lss-64 28-32 1.7 9. 0-2.5 0-4·5 7. 2. 0-0 0-4.5 4.5 1. 
131-180 64-68 24-30 6.5 7.5 0-0 5.5-13.5 8. 1.5 2-4 0-0 2. 1. 
0-30 60-69 35-39 2. 4· 0-1 0-2 3. 1.5 0-0 0-1 1. 1. 
31-80 63-75 24-44 10. 18. 0-1.5 0-14 5.5 2. .-2. 5 0-0 1.5 1. 
81-130 61-83 26-40 9·5 8.5 0-0 1-6.5 5.5 2. .5-4 0-0 3.5 .5 
131-180 72-73 32-37 5.5 7·5 0-1.5 0-3.5 5. 2. 0-2.5 0-0 2.5 l. 
0-30 44-50 33-44 4·5 10. 0-0 . 5-11.5 11. 1.5 0-5 0-4 9· 1. 
31-80 36-48 32-50 6. 33.5 0-10 0-21. 31. 14.5 0-0 4.5-13 8.5 2.5 
81-130 36-40 44-56 7. 29.5 0-10.' 0-29. 39·5 11.5 0-0 2. 5-14 12. 4. 
131-180 46-51 35-35 1.5 12. 0-0 13.5-2.4 10.5 2.5 0-0 2.5-6 3.5 2.5 
0-30 177-59 45-46 l. 3. 0-2 0-0 2. . 5 l-2.5 0-0 1.5 1.5 
31-80 l5_9-66 42-43 2. 6. 0-7 0-1 8. 2. 0-0 0-2.5 2.5 l. 
81-130 61-64 33-41 2. 14. 0-3.5 0-14.5 18. 3.5 .1- 3.1 0-0 2. 2. 
131-180 63-72 30-37 1.3 15.5 0-0 .·· 3. 5-l.B. 8 15.5 4.5 P-3.5 0-.5 4· 2.5 
0-30 39-59 23-48 10. 14. 0-0 ·. 0-17 17· 2. tJ-1.5 0-1 2.5 .5 
31-80 46-54 22-39 9·5 16.5 0-0 5-23 18. 8. • 5-5· 0-0 3.5 1. 
81-130 37-40 42-50 6.5 25. 0-11. 0-19.5 31. 6.5 .-6.5 0-0 5.5 1.7 
131-180 35-49 30-45 4. 20. 0-6 0-19.5 25.5 10.5 0-6 o-.5 6.5 o. 
* degrees of left (L) and or right (R) head rotation. . 
FRONTAL PLANE MOVEMENT cm 
mid-Point of eves 
~ ~. tl- 'i " 'i"~ 0 " Ul ?l p, I ..-. ?l I ;:Ti 
" :::< ~ ~ .:!:.-§H~ § k ' ,, ~"' f': CD I"· 0'1 I"• 
c+ p * 
CD \-'• 
"' 
Ul (l) Ul 
'i 
11-21 ~ 0-9·5 .s-o 10. 
12-22 ]0:: 4-14 0-0 10. 
9-12 I~ 7-12 0-0 4·5 
3-22 ~ 12-14 0-0 1.7 
0-3 ~ 4-5 0-0 1. 
1-4 I~ 1-10 0-0 8.7 
2-5 ~ 3-8 0-0 4.5 
3-4 ~ 2-8 0-0 5.5 
0-12 ~ .5-ll 0-0 7.5 
11-12 ~~ 1-9 0-0 8. 
6-11 ~ 3.5-7 0-0 11. 
11-23 !~ 0-8.5 2.5-0 11. 
0-3 1~4.5-]0 0-0 6 . 
3-5 I~ 5-9.5 0-0 4.5 
4-5 ~ 5-ll 0-0 6. 
11-12 ~ f, • 5-11 0-0 4. 
13-28 ~ ·7-17 0-0 15. 
5-25 I~ 6-16 0-0 10.5 
1-16 ~ 0-14 0-0 14. 
16-32 ~ 15. 5-20 0-0 14.5 
SAGITTAL PLANE MOVEMENT (in the vertical and horizontal axes of space) cm FRONTAL PLANE MOVEMENT cm 
"' g.
..--...'"'" '1:1 interpupillary notch acromial point hip-joint point mid-point of eyes 
u. fl 1-'·ro 
"' 
1-'· s >j 
'""' iH ~ ¥ ~ §.¥ I ~ .q ~ () ~ ro I-'· (lJ .q §.'1 >;¥-:- §.'f 'i X ~~I §.¥ §.'f ~~~ ' " 0 " '"'" i' 0 " f-'· "' ..., § ~ I (lJ '~ l f-'' (lJ ~~~ P"l ......... '"'" p, ~~ " 0 § ~ § ~ ti ~ + § ~ (lJ ~ aa-::. § ~ (lJ Ill Ol t:l ~~~ § ~ 8 
"' OJ." ~ ..... ~ (l'q :..:.. dil 1-'· O'tlX...:_. t:l X i' p, 8: t:li><...:. 
"' "' 
0 (1) ~ P"~ (l'q .... (l'q f.'• (1) f-'· (l'q f.'• "' f-'• "' 1-'· O'tl !--'· (l'q I"• ~~ "' 1-'· (l'q 1-'· O'tl 1-'· 
"' 
~ ..., (1) Ol CD tll tll tll (1) Ul 
"' "' 
tll tll ro "' (1) "' ~ * Ul ro m ro rll 
'"'" 
~ 
8 0-30 56-66 2'7-:B 3. s.s 0-0 10-16 6. .s 1-4 .0-0 . 3. "' .5 8-16 I~ 6. 5-1 0-0 3.5 
T2 31-80 52-72 25-40 8. 6. 10-0 9-12.5 3.5 8. .s-4 0-0 2.5 2. 1-5 I~ 7-16 0-0 9· 
81-130 57-68 27-30 2. 4·5 0-0 12.5-17. s. 2.5 4-7 0-0 3. 1.5 3-14 ~ • 5-8.2 0-0 5.7 
131-180 55-62 25-40 8. 11. 0-0 5-19 14. 7· 8-9 0-0 1. 1.5 6-17 ~ 0-8.5 1-0 9·5 
9 0-30 48-49 41-44 2.5 5. 0-2. 0-1.5 4· 5. • 7-1.7 0-0 1. 1. 14-17 ~ 0-4.5 3.5-0 8. 
T1 31-80 47-52 37-40 5.5 23.5 o;.;13. 0-16.5 3. 11.5 1-4 0-0 3. 1. 4-46 ~ 0-2.5 13-0 15. 5 
81-130 43-58 31-48 5. 5. 4· 5-7 0-0 2.5 5. 0-.5 0-0 0.5 .o 18-21 I~ 0-17 11-0 28. 
131-180. 36-57 36-61 5. 14. 3-12.' 0-0 9·5 2. 0-2.5 0-2.5 5· 1. 16-27 I~ 6. 5-l9 B o-o 13. 
9 0-30 60-61 40-49 s. 10. . 5-10 0-0 9· 2. 0-0 0-0 o. .5 16-17 I~ 3-17 0-0 14. 
T2 31-80 53-59 45-59 4. 14.5 0-15. 0-3 18.5 1.5 0-3.5 0-0 3.5 •f 0-2 ~ fl-U. 2 0-0 7.2 
81-130 59-75 35-53 9. 22. 0-20 0-5.5 25.5 4.5 .5-5 0-0 4.5 2. 18-18 !~ 11-15.5 0-0 8.5 
131-180 65-71 28-49 8. 30. 0-13.' 0-17·5 31. 8.5 .s-6.5 0-0 6. 2. 4-25 ·~ 13.7-19 0-0 15. 3 
10 0-30 36-59 35-69 7. 7.5 1-6 0-0 5· 2. 0-0 0-6 6. .5 5-19 ~ 8-13 0-0 5. 
T1 Jl-80 141-62 32->,6 11. 24. 0-12 o-6 18. s. 0-.7 0-6 6.7 1. 6-14 I~ 2-1.7. 5 0-0 15.5 
81-130 41-53 57-62 10.5 28.5 0-!6.' 0-6 22.5 6.5 . 5-2. 0-0 1. 1.5 2-19 ~~ 3. 5-l4 5 0-0 11.5 
131-180 32-53 33-63 9·5 32. 0-17 0-12 29. /.5 0-2 0-3.5 5.5 1.5 3-13 f0e 3. 5-10 5 0-0 7. 
10 0-30 54-80 38-62 10.5 14.5 o;:;r.6.' 0-0 16.5 }. 0-0 • 5-3. 1.5 1. 3-6 l0!t 3-12 0-0 9· 
T2 Jl-80 l~o-72 32-6~ 12.~ 21. 'i 0-16. o-g,') 2').5 4. 0-1 0-2.5 3.5 2.' 3-6 ~ 5.5-13 0-0 7.' 
81-UO 60-67 143-63 12. 26. 0-17 0-7 24. 16. 0-3.5 0-4 7.5 1.5 1,-2 ~~ • ')-14 L~ o-o 12. c 
131-180 60-72 40-49 4. 22. 0-11. 0-41 52.5 8. 0- .5 0-0 .5 .c 11-12 ~ p-12. 5 7.5-0 20. 
* degrees of left' (LJ and or right l-R head rotation. 
- --~--
SAGITTAL PLANE MOVU!ENT (in the vertical and horizontal axes of space) cm FRONTAL PLANE MOVEMENT cm 
11r-~o-~J~0-4~3~8-~4~9~3~6--4~9~5~·-4~11~·-rB-~1~2~·'r-O~-~o--~7~·~5~~1~.-+~1-~2~~o--o~-+~1~·~~1~.5~1~1~-~19~.~~7~·5~-~l2~3~0-~0~4~·~8-4 
T1 31-80 41-54 31-40 3. 4. 5 2-7.' 0-0 5. 5 3. 5 1-2. c 0-0 l. 5 . 5 15-35 ~ 7-12.5 0-0 5. 5 
81-no 35-43 39-58 9· 20. P-13.' o-4.9 18.4 8.s o-2 o-1.5 3.5 1.5 9-29 .0-s.s-7.5 o....o 2. 
131-180 56-65 29-36 7. 6. 0-3 0-4 7· 7.5 0-3.5 0-2.1 5.6 1. 4-23 ~ 6-10 0-0 4· 
11 0-30 
T2 31-80 
81-130 
131-180 
54-62 39-46 3. 4.5 o-6 o-1 7. 4 .. o-1 0-3.5 4.5 .s 2.5-6. ~4.~8. o-o 4. 
6o-63 33-37 5. 6.5 .s-1. o-o 6.5 2. o-o e-4 4. .o 3-13 ~4.~8. o-o 4. 
56-72 31-45 10. 12. 0-1 0-9·5 10.5 8. 0-2.5 0-3 5·5 1. 1-13 ~ 0-12 0-0 12. 
45-66 35-57 4. 17.5 0-1C 0-3 13. 13.5 0-1 . 0-8.5 9.5 2.1 5-10.5~~ 2-8 0-0 6. 
12 o-30 61-71 26-31 5.5 8.5 o-o 13-21 8. 2.5 o-1. o-o 1.3 1.7 4.s-nl~5-14.' o-o 9.5 
r---~-+--~----~~~--~r---~~--~----+---~----r------+--~r-~~~--~~~~----r-~~ 
T1 31-80 61-6~ 26-28 4· 6. 0-0 2.5-21. 8. 6.5 0-1.5 0-.3 1.8 4. 1-8 ~ 7-11 0-0 4. 
81-1Jo 61-64 24-30 1. 9. o-o o.s-21. 1o.s 1. o-2 o-1.5 3.5 1.s 1.s-4 l~o-1.s s-o 12.5 
131-180 55-64 30-30 3.7 13.5 0-0 7-21.5 14.5 4.5 0-1 0-0 l. l. 6-8.5 1~1-9.5 0-0 8.5 
12 0-30 77-80 28-33 l. 12. 0-1.~ 0-14.5 16. 2.5 0- .5 0-0 .5 o. 3.5-15 ·~ 5-13.'; 0-0 13. 
T2 31-80 59-65 35-50 6. 20. 0-1 0-10 23. 8.5 0-2.5 0-5.5 8. o. .5-12.~ 1.5-9.5 o-o 8. 
81-130 55-64 31-50 2. 29.5 0-13. 0-15 28.5 5.5 0-1.5 0-5.5 7. 15. 2.5-8 ~ 5.5-1' 0-0 9.5 
131-18o 6o-67 29-47 6.5 28. o-17., o-14.5 31.5 7.5 o-1 o-1.5 2.5 .1 .5-9· ~4-5-l' o-o 6.5 
1:; 0-30 34-37 49-54 3. 3.5 5.5-9 5 ()....0 4.;:_~'-+--'-'--3.?'-t--'0'-"-"'-0-+--"()....:0..3,___-+-_...3_,__. -+-_ ,._,__1. -1-1'-"2=-'""'-'-4. 1<;~'-'i-1?"-'-''-""'i--::=lC'+-""0-=-0-t-=--'-1.4 . ..2 
T1 31-80 38-39 46-49 l. 2. 0-15.5 0-0 5.5 1.5 0-0 3.5-6.5 3. 1.5 3-33 G 3-10 0-0 1· 
81-130 38-41 40-50 8.5 26. -11." 0-9 20.5 6. 0-2.7 0-7.5 10.2 1.2 7-18 ~~.5-11.50-0 4· 
l31-18o 28-28 65-68 6.5 11. o-1s. o- .5 15.5 4.5 o-1 o-5 6. 2. 5-19 :0Js.5-15.2o-o 6.7 
*degrees of left (L) and or right (R) head rotation. 
_, 
0 
'.,, 
SAGITTAL PLANE MOVEMENT (in the vertical and horizontal axes of space) cm 
·Ul 
·>' ---.<J-";j interpupillary notch · acromial point hip-joint point 
o' s 1-l· <D 
'--'· 1-'·S 11 ,._, fH 'i ~ 'i ¥ lH ~¥--:- ~ ¥ ---- &¥ <!> ::s (l) j-1• g.'ji g.'ji 0 
"' 0 
Ill <: <!> .., &'1 §~~ §~I <+ <+ p.. ::< 1-'· ::< 0 § ~ § ~ § ~ ~~.:': ::< ~ I § ~ g ~ < ...___ 
"' ~g o.'\.0 § ~ ~ J . ._.:.. '\'; ,_ . ..:. illl '-' 8 
"' 
0 o'j':, illl ,_.. illl ,..,. illl ,..,. <!> ,..,. <!> 1-'• illl f.'• illl ,..,. <!> '-' .., (I)~ ·~ ~~ <!> Ul to to <!> Ul <!> [JJ to Ul <!> to <!> to 
"' "'m <l-
13 0-30 50-51 46-54 2.5 10. . 5-12 0-0 8.5 5. • 5-l.' 0-0 1. 1.5 
T2 31-80 45-54 45-49 1.7 15. 0-l~ o-5.5 19.5 3.5 0-1.2 0-2 3.2 . 5 
81-130 44-52 39-54 6. s.s o..:.5 0-1.5 6.5 u. 1-3 0-0 2. 3.2 
131-180 54-61 36-44 6.5 7; 0-9 0-8.2 17.2 3.5 0-2 0-l 3. 1.2 
14 0'-30 44-61 28-43 6. 2.9 0:...0 2-7.5 s.s 4.5 • 5-2.~ 0:...0 2.2 .o 
T1 31-80 38-72 25-52 10. 31.5 o..:.19 0:...21.5 40.5 12.5 0-4.' 0-10 14.5 l. 
81-130 52-66 27-39 7·5 7·5 0-1 0-13.5 14.5 3. < 3-5.' 0-0 2.5 1. 
131-180 38-49 38-41 9·5 15. 0-4 0-12 16. s. 2-7 0:...0 s. l. 
14 0-30 70-77 31-34 3. 2. 1-6. 0-0 5.5 5. 0-1 0-0 l. .5 
T2 31-80 60-71 30-35 3. 10. o-2.c 0-8.5 < ll. 4. 0-1 0-2 3. l. 
81-130 55-76 30:...36 ?.2 9· 0-6 < 0-ll < n .. 4·5 0-4.1 0-0 4.1 2. 
131-180 66-69 29-37 6. 11.5 0-1. 0 0-10.2 11.7 9·5 0-4 0-.9 4.9 ·9 
15 0-30 so-1e 22-40 9. 18.5 0-1 0-15.5 16.5 4.5 0-1.1 0-0 1.1 ·9 
T1 31-80 57-65 26-37 8. 20.5 0-8. 0-11.5 19.5 4· 0-3.5 0-.5 4. 1. 
81-130 48-55 28-36 6. 31.5 0-15 0-19 34. 13.5 0-2.5 0:...10.5 13. ·9 
131-180 46-81 17-46 14. 24.5 0-11 0- 15.5 26.5 1.5 0-3 0-5 8. .s 
15 0-30 70-71 36-37 1. 3.5 7-~ .s 0-0 s. 2.5 0-0 .6-2 1.4 .o 
T2 31-80 63-88 23-38 9. 12. 0-4. 0-7.5 12. 1.7 • 5-3.5 0-0 2. .o 
81-130 74-75 24-31 s. 9-5 0-0 • 5-10. 9·5 2.5 2-4 0-0 2. .o 
131-180 64-8° 29-41 7· 14.5 0-8 0-5.5 1}.5 2.7 0-4 0-1 5. 1.3 
1\) 
3:; * degrees of left (L) and or right. (R) head rotation. 
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TABLE 71 
Experiment 4. Mean visual behaviour changes that were observed over 
3 hours from photographic records of 15 subjects in conditions T1 and 
T2. Female subjects are bracketed. 
FRONTAL PLANE ' SAGITTAL PLANE 
Degrees of I Focal Distance (cm) Angle of Vision visual asJI11lll1etr:v in Degrees 
I T1 T2 I T1 T2 1 T1 T2 
1 I 7·6 6.4 I 37·5 42.5 43.8 62.9 2 l 15.3. 9·5 ! 26.7 27.0 I 61.3 68.7 3 ! 13.4 7.9 ' 39·4 44.7 52.2 62.3 IUl I g 4 \ 19.5 7·4 45.2 53.6 I 54.6 64.9 c.., I t<:l 5 5·2 6.0 i 48.2 41.4 49.0 71.3 0 ' 8 I 
6 14.0 2.8 I 27.8 34.7 I 63.4 69.5 l 
' i (7) 10.9 5.5 I 41.2 39.7 43.9 62.7 l l I 
!'il 8 17.1 8.9 I 37·4 30.8 44·9 61.0 l 
' 9 i 20.5 12.7 42.1 44.8 48.8 62.9 
10 10.2 5.6 45·9 49.0 I 47.2 64.4 
(11) 18.2 6.9 39.8 40.4 47·7 59.8 
( 12) 5.6 6.9 28.3 38.0 62.7 65.9 
l 
13i 
' 
16.5 5.2 52.7 45.9 35-4 51.4 
' 14 i 
I 21.7 13.3 36.7 32.9 52.5 68.1 
(15) 8.7 5.3 31.5 32.3 60.1 73.8 
TOTAL i 
MEAN ' 13.6 7.4 38.7 39.8 51.2 64.6 
• 
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visual asymmetry exhibited, (see Table 72, p,266), The means and 
associated standard errors (SE) for the two treatment conditions are 
given in Table 73, p. 266. These values were then compared by "t" 
test, The results, shown in Table 74, p.266, clearly indicate that 
the amount of visual asymmetry maintained by subjects in the T2 condi-
tion was significantly (at 1 per cent level) less than that maintained 
in the T1 condition, Thus a significant effect was induced by diffe-
rences in the sedentary support-work surface configurations on one 
measure of occular efficiency. The ergonomically good (T2) condition 
reduced subjects• visual asymmetry. 
As shown in Table 71, p.264, in the Tl condition subjects' mean focal 
distance, as measured in the sagittal plane ranged between 26.7 cm to 
48.2 cm (10.5 in to 18.9 in,) with a 38.7 cm (15.2 in.) distance main-
tained on average. In the T2 condition subjects' focal distance 
ranged between 27 cm to 53.6 cm (10.6 in. to 21.1 in,) with a 39.8 cm 
(15.7 in.) distance maintained on average, The focal distance data 
~n Table 71, p.264 were subjected to an analysis of variance, Shown 
in Table 75, p. 266. It reveals that only ·subjects exerted a significant· 
effect (at 1 per cent level) on the focal distance maintained, Thus 
the Tl and T2 treatments did not influence the subjects• average focal 
distance, 
The same procedure was followed to examine the data concerning the 
subjects' average angle of vision, in the sagittal plane, i.e. between 
their face plane and the work surface plane. In condition T1, subjects• 
angle of vision on average ranged between 35.4° to 63.4°, with an ove~ 
0 
all mean of 51.2 • In condition T2 subjects• average angle of vision 
ranged between 51.4° to 73.8°. The overall average for this condition 
The angle of vision data in Table 71 t p. 264, were subjected 
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TABLE 72 
Experiment 4. Analysis of variance comparing the effects of 
experimental treatments upon visual asymmetry. 
Variance Ratio 2-Tail 
Source DF ss MS Against {a} Siggificance 
Subjects (s) 14 384.4 27.457 2.901 * 
Treatments (T) 1 295.2 295.200 31.191 ** 
S X T 14 132.5 9.464 (a) 
Total 29 812.1 
TABLE 73 
Experiment 4. Mean and associated standard error (SE) of degrees of 
visual asymmetry obtained under conditions T1 and T2. 
Da X SE 
T1 Test 
-794 
T2 Test 11 
TABLE 74 
Experiment 4. Comparison by "t" test of means obtained under 
different conditions for visual asymmetry. 
Means 
Compared 
T1 - T2 
TABLE.75 
SE of 
Difference Difference "t" 
+ 6.3 1.122 + 5.61 
DF 
14 
2-Tail 
Siggificance 
** 
Experiment 4. Analysis of variance comparing the effects of experimental 
treatments upon the focal distance. 
Variance Ratio 
Source DF ss MS A!einst {a} Si~ificance 
Subject(s) 14 1371.0 97.928 6.588 ** 
Treatments(T) 1 10.1 10.1 .679 NS 
Sx T 14 208.1 14.864 (a) 
Total 29 1589.2 
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to an analysis of variance, as shown in Table 76 1 p.268, both subjects• 
treatment conditions exerted a significant effect (at 5 and 1 per cent 
levels). The means and associated SE for the two treatments are shown 
in Table 77 1 p. 268. The means were compared by "t" test. A signifi-
cant difference (at 1 per cent level) was obtained (see Table 78 1 p268). 
It can be argued that the significantly greater angle of vision main-
tained on average in T2 tests, helped to enhance the subjects• occular 
efficiency. 
TABLE 76 
Experiment 4. Analysis of variance comparing the effects of 
experimental treatments upon the angle of vision. 
Variance Ratio 2-Tail 
Source DF ss MS Against (a) Significance 
Subject (s) 14 1126.7 80.478 5.766 * 
Treatments (T) 1 1361.4 1361.400 97.542 ** 
S x T 14 195.4 13.957(a) 
Total 29 2683.5 
TABLE 77 
Experiment 4. Mean and associated standard error (SE) of degrees of 
the angle of vision under condition T1 and T2. 
Da s 
T1 Test 
T2 Test 
TABLE 78 
X 
51.2 
64.6 
SE T2 
" 
Experiment 4. Comparison by "t" test of means obtained under 
conditions T1 and T2, for the angle of vision. 
Means 
Compared Difference 
T1 - T2 - 13.4 
SE of 
Difference "t" DF 
14 
2-Tail 
Significance 
**" 
Data pertaining to set (2), i.e. the average amount of postural movement 
in space, photographed in conditions T1 and T2, are shown in Table 79, 
p. 270. Four bodily points were recorded from which postural changes are 
given on this table. In the sagittal horizontal and vertical plane 
subjects• total head movements (based on their mean x and y axes inter-
pupillary notch positional changes) ranged between 7.2 cm and 16.6 cm 
in condition T1; whereas in condition T2, they ranged from 5.6 cm to 
16.3 cm. Overall average values of 10.8 cm and 9.2 cm of movement 
occurred in conditions T1 and T2 respectively. 
In the sagittal plane, the subjects• shoulder/upper trunk movement 
(based on their mean x and y axes acromial point positional changes) 
ranged between 7.7 cm and 15.3 cm in condition T1; while in condition 
T2 it ranged from 5.3 cm to 17.1 cm. Corresponding averages were 10.6 
cm and 10.0 cm of movement in conditions T1 and T2, respectively. 
In the sagittal plane the subjects• buttocks (upper thigh/lower trunk) 
movement, based on their mean x and y axes hip-joint positional changes, 
ranged from 1.6 cm to 5.4 cm in condition T1 and from 1.5 cm to 9.6 cm 
in condition T2. There was, on average, 3.1 cm and 3.3 cm of buttock 
positional change exhibited in conditions T1 and T2 respectively. 
Thus, overall, subjects exhibited an average of 8.2 cm and 7.5 cm move-
ment in the sagittal plane in. conditions T1 and T2,. respectively. 
Therefore, there was an average difference of only 0.7 cm in movement 
in the sagittal plane between the two conditions, with less movement 
exhibited in condition T2 than in T1. 
As indicated in Table 72• p.270, the frontal, horizontal and vertical 
plane subjects• head movements (based on their mean z and y axes 
Experiment 4. Mean postura1 movement changes in (x + y or z + y axes) that were observed over three 8 
hours from photographic records of fifteen subjects in conditions T1 and T2. Female subjects are ~ 
bracketed. '-" 
SAGITTAL PLANE MOVEMENT (POSTORAL CHANGE) (cm) FRONTAL PLANE (cm) TOTAL 
INTERPUPILLARY NOTCH ACROMIO~--- PO_H!T_ __!liP-JOINT POINT INTERPUPILLARY POINT SUJ3JECT MEAN 
~--·· 
---·-·· --···--·· ----·-----' 
T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 
1 8.5 6.5 7.9 5.3 3.8 5.8 7.3 13.3 6.9 1·1 
2 12.9 7.4 10.5 9.8 2.0 3.3 14.0 5.7 9·9 6.6 
~ 3 8.0 16.3 8.2 17.1 3.6 9.6 8.0 10.1 7.0 13.3 
'-< 
l'O 4 9·7 5·9 10.6 6.2 4.0 2.5 13.1 7.5 9·4 5·5 0 
8 
~ 5 11.5 11.9 12.1 17.1 3.3 4.0 8.8 16.8 8.9 12.5 6 10.4 8.4 8.5 4.6 2.7 1.5 6.6 4.9 7.1 4.9 
l'O 
>0 (7 12.9 5.6 15.3 6.8 5·4 2.1 9.4 5.1 10.8 4.9 
8 13.2 6.1 14.9 5.8 2.7 1.9 13.5 6.9 11.1 5.2 
9 8.2 12.8 8.7 12.6 1.6 2.2 16.1 11.3 8.7 9·7 
10 15.5 15.4 11.9 17.7 2.2 2.3 9.8 12.4 9·9 12.0 
(11 8.2 7.8 7.4 8.1 2.0 3.4 4.1 6.5 
. 5·4 6.5 
(12 7.2 13.2 7·7 15.4 2.0 2.6 8.6 9·3 6.4 10.1 
13 8.5 6.6 7.7 9·4 3.5 3·9 5.6 12.9 6.3 8.2 
14 11.3 6.5 12.7 7.3 3.5 2.2 8.9 14.3 9.1 7.6 
(15 16.6 7·7 15.0 ; ·. 6 •. 2 3.7 1.5 9.2 4.0 11.1 4.9 
Tot. x 10.8 9.2 10.6 10,0 3.1 3.3 9.5 9.4 8.4 7·7 
interpupillary midpoint positional changes) ranged between 4.1 cm and 
16.1 cm in condition T1 and between 4.0 cm and 16.8 cm in condition T2. 
This was with an average of 9·5 cm and 9.4 cm of movement occurring in 
conditions T1 and T2 respectively. 
The overall average amount of positional change recorded in conditions 
T1 and T2 in both the sagittal. and front planes in Experiment 4 1 are 
also given in Table 79 1 p.270. There was an overall range of 5.4 cm· 
to 11.1 cm movement in T1 test periods, while in T2 test periods, a 
4·9 cm to 13.3 cm range was exhibited. These ranges occurred.with an. 
overall average of 8.4 cm ~nd 7. 7 cm of postural chang~ bei~g maintained 
in the T1 and T2 test periods respectively. Therefore in the coordinates 
of space, the subjects tended to exhib1t somewhat less positional change 
when in the T2 condition than in the T1. 
A more detailed analysis in respect to subjects' postural change behaviour 
was undertaken by carrying out an analysis of variance on the data shown 
in the first 8 columns of Table 79 1 p.270: The results of this are indi-
cated in Tables 80 to 84 inclusive. The analysis of variance in Table 
80 1 p.272 1 reveals that subjects, body parts, and subjects (x) treatments 
exerted a significant effect (at 5 and 1 per cent levels). The mean and 
associated. SE of movement for each different body part is given in Table 
81, p.272 Results indicate that the most movement occurred in the 
subjects• shoulders, follOI•Ied by sagittal-head1 frontal-head and tlien 
buttock areas. Means were compared by "t" test in Table 82 1 p. 273. 
Six comparisons were made in which three significant differences (at 5 
and 1 per cent level~) occurred. Subjects' sagittal-shoulder, frontal-
head, and sagittal-head movement· were found to be significantly greater 
than that in buttock areas. Of the first three areas of the body 
mentioned above, none were found to exhibit any significantly more or 
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TABLE 80 
Experiment 4• Analysis of variance comparing the effects of days 
experimental treatments, and times of measurement, upon the amount 
(cm) of postural change. 
Variance Ratio 2-Tail 
Source DF ss MS Against (a} Siel!!ificance 
Subjects (s) 14 245-9 17.564 3.092 * 
Treatments (T) 1 . ,9.3 9.300 1.637 NS 
Body-Part (BP) 3 1040.5 346.833 61.062 ** 
S x T 14 427.8 30.557 5-379 ** 
S X BP 42 269.4 6.414 1.129 NS 
D x BP 3 13.7 4.566 .803 NS 
S x T X BP 42 238.9 5.688 (a) 
Total 119 2245-5 
TABLE 81 
Experiment 4. Mean and associated standard error (SE) in amount (cm) 
of postural change for different body parts. 
Bod Parts 
Interpupillary Notch 
(Sagittal Plane) 
Acromial Point 
(Sagittal Plane) 
Hip-Joint Point 
(Sagittal Plane) 
Interpupillary Midpoint 
(Frontal Plane) 
X 
10.02 
10.28 
3.16 
9·47 
SE 
.435 
" 
" 
" 
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TABLE 82 
Experiment 4. Comparison by "t" test of means obtained by different 
body parts for amount (cm) of postural change. 
Means SE of 2-Tail 
ComEared Difference Difference "t" DF Si!l!);ificance 
Sagittal inter-
pupillary notch 
and .26 .6158 
- .42 42 NS 
Acromial point 
Acromial point 
and + 7.12 !I + 11.56 " ** !hp- joint point 
·Hip joint poin-t-· 
and .;. 6. 31 " - 10.25 " **· 
Frontal, inter-
pupillary point 
Sagittal 1 inter-
pupillary notch 
and + ·55 " + .89 " NS 
Frontal, inter-
pupillary point 
Acromial point 
and + .81 " + 1.32 " NS 
Frontal, inter-
pupillary point 
'-
Sagittal 1 inter-. 
pupillary notch 
and + 6.86 " + 11.14 " ** 
Hip joint point 
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less movement than the others. 
The mean and associated SE of movement for different subjects under 
different treatment conditions were determined (see Table 83 1 p.275). 
These means were compared by "t" test as shown in Table 84 1 p.275. 
Seven significant differences (at 5 and 1 per cent levels) were found 
between the amount ofmovement occU.rring iri conditions T1 and T2. The 
seven subjects involved were 3 1 4 1 5 1 71 8 1 12 and l5. Three of these 
were females (7 1 12 and 15). Four (4 1 .7 1 8 and 15)..of the· seven sub-
jects showed more movement in condition:.T,1 1 while:) subjects (3, 5 and 
12) showed the reverse;·. Thus insofar as th~ ovem~~ amount of postural . 
movement in subjects can be considered an indication of dynamic, bio~ 
mechanic effort, the tendency, albeit slight 1 was for such postural 
movement to occur more in condition T1 than in condition T2. 
To analyze further the movement behaviour of subjects in conditions T1 
and T2 a through time breakdown of their overall amount of postural 
change in the x 1 y 1 and z axes of space was carried out. The results 
are shown in Table 85 1 p. 276. As mentioned previously, during the T1 
·condition, the subjects showed an average of 8.4 cm of total body move~ 
ment 1 whereas it was 7•7 cm during the T2 condition.· Through the 
three hour T1· condition, the amount of total body position change 
exhibited by subjects while seated and doing their reading-~<riting task 
progressively increased during the first three (approximately 45 minutes 
each) successive periods. The means were 5.6 cm 1 9.0 cm 1 10.3 cm. 
During the last 45 minutes or so movement decreased to an average of 
8. 6 cm. A similar trend in movement was exhibited by subjects during 
the T2 condition. However, in T2 the magnitude of increase and decrease 
was not so large. Means for the four successive periods were:- 5.4 cm 1 
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TABLE 83 
Experiment 4. Mean and .associated standard error (SE) in amount (cm) 
of postural change for different subjects under different conditions 
(S X T) • 
(S) No. T1, - T2, - SE X X 
1 6.9 7-7 1.192 
2 9-9 6.6 11 
3 7.0 13.3. 11 
4 9-4 5-5 11 
5 8.9 12.5 11 
6 7.1 4.9 11 
7. 10.8 4.9 .· - n· 
... 
8 11 ~ 1 5.2 11 
B ... 8.7 9·7 11 
10 9·9 12.0 11 
.. 11 .. ·5-4 6.5 11 
. 12 6.4 1 o. 1 11 
13 6.3 8.2 11 
14 9· 1 7.6 11 
15 11.1 4-9 11 
TABLE 84 
Experiment 4. Comparison by 11 t 11 test of means obtained by different 
subjects under different conditions (S x T): for total amount (cm) of 
postural change, (Only differences with some significance are given) 
(s) Means SE of 2-Tail 
No. Compared Difference Difference· ".t" DF Significance 
2 .T1 - T2 . + 3.3 1.685 + 1.96 42 . NS* 
3 T1 - T2 - 6.3 11 - 3.74 11 ** 
4 T1 - T2 + 3.9 11 + 2.31 11 * 
5 T1 - T2 - 3.6 tl - 2.11 tl * 
7 T1 - T2 + 5.9 11 + 3.50 11 ** 
8 T1 - T2 + 5-9 11 + 3.50 11 ** 
12 T1 - T2 - 3. 7 11 - 2.20 11 * 
15 T1 - T2 + 6.2 11 + 3.68 11 ** 
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' .. ·. 
' ' 
Experiment 4. Mean amount. (cm) of postural movement in the shoulder, hip and head1 in the x 1 y and 
z coordinates of space as photographicillly recorded through time for conditions T1 and T2. Female 
subjects are bracketed. · · 
' 
. 
' . 
T1 Period of SU13JECT NlJ!iillERS . Total 
time(min.) 1 I 2 3 4 ,' 5 6 (7) 8 9 10 (11) (12) 13 14 (15) Mean( cm) 
0 to 30 3. 31 4.4 3~7 ' ·• 6. 3 • 8.0 9·9 6.4 8.7 3.8 4·7 4-.5 . 5.3 3.~ 4.0 8.1 • 5:6 . 
31 to 80 
'· 7-1 6;9 9.6 9·6 11.6 
. 
16.8 7·1110.9 7•4 14.9 12.9 3.4 4.9 3.1 9·4 9.0 
10.0 i 12.4 " .. 81 to 131 9;5 7·5 13;9 4.2 16.3 12.9 6.6 11.7 9.0 7·3 10.9 6.7 15.0 10.3 
i : .. . . 
132 to 180 6. 7 l 9.0 8.9 14.3 6.8 4.0 6.2 11.6 7.1 13.1 5;4 6.7 8.3 8.8 12.9 8.6 
MEANS 6.8 1 9.2 7·4 8.8 8.9 6.9 10.9 10.7 7.6,10.3 5·6 i 6.9 6.4 9.1 11.4 8.4 
. ' 
T2 Per~(1d of SUBJECT NlJ!iillERS (7) 9 ·' '11) (12) 115) Total time min. 1 I 2 3 4 5 6 7 8 10 13 14 mean( cm) 
0 to 30 2.6 8.7 12.1 .· 4.1 13.3 1.9 2.2 3.1 5.8 8.0 3.9 3.2 5·4 4.2 2.3 5·4 
31 to 80 6.9 7.6 13.6 r 5.1 8.6 8.1 3.7 5.6 8.0, 10.9 '4.0 10.5 9.1 5;8 5.7 7·5 
81 to 131 7·7 5.8 16.6 7·9 10.1 4.9 6.8 3.5 10.9 14.3 8.4 1L9 . 6.1 8.5 5.4 8.9 
132 to 180 5.8 I 5.9 '7·9 4.2 15.1 4.3 6.8 /.6 14.3 15.3 9·5 11.9 (;4 9.2 6.5 8.8 
MEANS 5·7 (.0 12.6 ' 5.3 11.8 4.8 4.9 4.9 9.7 12.1 6.4 9·4 7.0 6.9 5.0 7·7 
. 
------------------------------
7.5 cm, 8.9 cm_ and 8.8 cm. There was a tendency during T2 tests for 
the amount of postural change to stay consistent, i.e. to level off 
during the last 90 minutes or so of the 3 hour task. 
Data obtained in Experiment 4 relative to the subjects•. postural.balance 
through time with respect to their vertical axis through the mid plane 
of their body as determined for conditions T1 and T2 tests. are shown in 
Tables 86 and 87. Table 86, p.279, shows the amount subjects, on 
average, deviated from their line of balance in the sagittal-horizontal 
plane,- with regard to their left shoulder/upper trunk. This table, 
· indic:ates thq,t, during the T1 tests, -when using the non-ergonomic,· 
. ·. . . 
. sedentary support~work surface configuration, subjects . .;;~re an average 
of .5.5 cm from their line of balance (i.e. thus shoulder points were 5.5 
cm forward-Cif the line of balance). This amount of misalignment of 
postural imbalance, occurred consistently through the 3 hours, successive 
periods showing the following means:- 5.7 cm,- 5.2 cm, ~ 3.5 cm, and 
- 5·5 cm. During condition T2, when using the ergonomic sedentary 
support-work surface configuration, subjects were on average only 0.9 cm 
forward from their vertical line of balance. ·Their amount of misalign-
ment during the 3 !J,our sedentary task tended to vary more through time; 
+ 1.5 cm (back of the vertical line of: balance), - 0.5 cm, - 1.9cm, and 
2. 7 cm. For the better part of the 3 hours, in the T2 condition, 
subjects tended to stay within~ 1.5 cm of their vertical line of balance. 
The amount of head-neck balance maintained, on average, by the subjects_ 
in the frontal plane, as indicated by their interpupillary midpoint is 
shown in Table 87, p.28Q. In the frontal plane, during T1 tests, sub-
jects tended to hold their head 7.6 cm to the left of their vertical line 
of balance. Such misalignment was maintained consistently by subjects, 
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on average throughout the 3 hour task at: + 8.3 cm 1 + 6.6 cm, + 6.7 cm, 
and + 8.8 cm. In T2 tests, subjects maintained their head balance, on 
average 6.8 cm to the left of the verticai line of balance. Such mis-
alignment was found to occur consistently throughout the 3 hour T2 task 
at: +7.2 cm,+ 6.0 cm,+ 6.9 cm and 7.2·~m. Thus on average.there was 
very slightly less frontal plane misalignment, i.e. to the left of the 
vertical line of balance, of the subjects• head-neck in T2 tests .than 
in T1 tests. 
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T1 
T2 
., ., 
~ ' . . . ' 
Experiment 4. Mean sagittal plane shoulder (acromion point) df:lviation (in' the, x-axis) from the 
vertical (gravitational) line of balance, as photographically recorded through,',,time for fifteen 
subjects during conditions T1 and T2 (+=back, and-= forward' of the line),, Female subjects 
are bracketed. .' 
' 
Period of SUBJECT NUMBERS ' 
time(min. 1 2 3 4 5 6 (?) 8 9 10 I (11) . (12) 13 14 i! (15.) 
0 to 30 13.8 -6.8 -10.0 -8.3 -11.5 -6.3 -6.0 -8.5 + ·5 +3.5 +3.8 -17 ,b +7.5 -4.8 -?.8 
31 to 80 -16.2 -1.3 -16.5 -6.0 -13.5 -4.5 -5.5 -14.0 -1.5 +3.0 +4.7 -16.5 +12.8 ,-1;8 -1.6 
81 to 131 -3.5 + .5 -6.8 -14.0 -6.5 -1.0 -9.3 -4.0 +5.8 +5.8 +4.,2 -15.8 + 1.3 -6.8 -2.0 
132 to 180 15.3 -5.3 -11,8 ..;.3.3 -13.0 -4.0 -18.8 -6.8 +7.8 +2.5 - .s -14.3 +7;3 -4.0 -2.3 
MEANS -12.2 -3.2 -11.3 
-7·9 -11.1 -4.0 -9·4 -8.3 +3.1 +3. 7 +3.1 -15.9 +7.2 -4.4 -3.4 
. . 
Period of 
.· 
SUBJECT NWnERS . 
time(min.) 1 2 3 4 5 6 (7J 1:$ 9 10 I (11) \.12) 13 14 15) 
0 to 30 +2.1 -7.8 +3.5 +4•8 -9.3 - .5 +1.0 -3.0 +6.0 +8.8 +2.5 -6.5' +7.8 +3.8 10.0 
. 
'·' 
. . 
I 
31 to 80 o.o -12.0 +5.5 +5.5 -8.8 -6.3 +3.0 -10.8 +6.8 '+3.3 +3.8 +1.5 +4.8 -3.0 -1.5 
-12.8 - -4.8 .8 +1.8 81 to 131 +.5 -6.0 +3.3 +10.0 -4.0 -5·5 -15.0 +7.8 +5.0 
-
-2.5 -5·3 
132 to 180 -.8 -10.3 -6.0 +6.8 -14·3 - .8 +11.1 -12.0 -2.0 ,-14.8 +3.5 +1.3 + ·4 1-4.3 +1.3 
MEANS +. 5 -9.0 +1.6 +6.8 -11.3 -2.9 +2.4 -10.2 +4·9 + _.6 +1.3 " -1.1 +3.7 -1:5 +1.1 
Total 
Mean( cm) 
- 5·7 
- 5.2 
- 3.5. 
- 5·5 
- 5.0 
Total 
Means( cm\ 
+ 1.5 
-
• 5 
- 1.9 
- 2. 7 
- 0.9 
T1 
T2 
Experiment 4• Mean frontal plane head (midpoint of the eyes) deviation in th~' z-axis from the 
vertical (gravitational) line of balance, photographically recorded through 'time for fifte~n 
subjects during conditions T1 and. .T2 (+=left, and-~ right of the line), Female: subjects 
are bracketed. 
Period of SUBJECT NUMBERS . .. · 
time(min.) 
' 6 I (7) 1 2 3 I 4 5 8 9 10 11) (12) 13 .· 14 151 
0 to 30 +12.5 +10.5 +6.7 +11.0 +8.0 +4.5 +7.3 +9.2 + ·5 +10.5 +9.9 -i-9.8 +7;8 +11.8 +5.1 
31 to 80 + ·5 +3.5 +6.5 +9.5 +4.0 +9.0 +5.0 +11. 3 -5·3 +9.8 +9.8 '+9.0 +6.5 +1L3 +8.5 
81 to 131 +8.0 +2.8 +2.8 +9.0 +8.8 +9.3 +5.5 +7.0 +3.0 ': +9.0 +6.5 +1.3 +9.5 +11.0 +6.9 
132 to 180 +12.0 +3.3 +4.0 +11.8 +6.8 +12.8 +3.0 +12.8 +13.0 +7.0 +8.0 +5.3 +11.8 +12.5 +7·5 
MEANS +8.3 +5.0 +5.0 +10.3 +6.9 +8.9 +5.2 +10.1 +2.8 +9.1 +8.6 +6.4 +8.9 +11.7 +7.0 
. 
SUBJECT NUMBERS 
Period of 9 . l1) lri2) 
•' 
time(min. \ 1 .. 2 3 4 .· 5 6 . (7) 8 10 13 14 15}. 
0 to 30 +8.0 +3.2 +8.3 +6.3 +n.o +5.0 +7 .5 +8.} +10.0 +7·5 +6.5 +7:.o +6•3 +1.8 +5.0 
31 to 80 +2.5 +5.8 +0.5 +4.8 + 9·2 +5.3 +7 .} +11.8 +7 •. 6 +9.2 +6,5 +5.5 . +1.5 +7.3 I +6.0 
81 to 131 +2.8 +7.1 +9.3 +7 .o o.o +5.8 +8.0 +5.3 +11.3 +7.9 +6.0 +10.3 +7.8 +11.0 +4.2 
132 to 18C +12.8 +5.5 +7;0 +1.0 +9.5. +4'.8 
. -
+9.5 +4.2 +11.} +6.3 +5.0 +7.7 -i-6.8 +10.1 +7.3 
MEANS +6.5 +5.4 +6.3 +4.8 +7.4 +5.2 +8.1 +7.4 +10.1 
.. ..; 
+?.? .t-6.0 +7.6 +5.6 +9.,1 +5.6 
... 
.· . 
.. · 
.; 
\ 
Total 
Means(cm) 
+8.3 
+6.6 
+6. 7 .· 
+8.8 
+7.6 
Total 
Means(cm 
+7.2 
+6.0 
+6.9 
+7.3 
+6.8 
The overall postural behaviour results in the T1 and T2 conditions are 
summarized graphically in Fig.39 1 p,282; There tended to be more 
head~neck movement during T1 tests. There was more shoulder/upper 
trunk movement in T2 tests. Other differences in subjects• postural 
behaviour >Jere found to occur between the T1 and T2 conditions. The 
T2 condition produced less total body movement than the T1 condition, 
particularly in the sagittal plane. In the T2 condition, subjects 
tended to maintain a more optimal postural balance, particularly in the 
sagittal-horizontal plane, 
. '_, 
. . ~ . . - . 
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FIGURE 39. 
Experiment 4. The photographically recorded pcstural change13 that occurred 
in fifteen subject13 during conditions T1 and T2 are summarized. The means 
are given for pcstural balance (with regard to the subjects• vertical line of. 
balance) of the: HEAD (midpoint of eyes) in the (z) axis of the frontal 
plane, LEFT SHOULDER (acromial point) in the (x) axis in the sagittal plane, 
and for amount of POSTURAL ~!OVIMENT in the shoulder, hip and head1 in the :x:1 
y 1 and z coordinates of space. 
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Subjective Response Results 
All subjective response raw data obtained in Experiment 4 from the pre 
and post test questionnaires are given in Table .88 1 p, 284. Only· results 
from two questions were submitted to detailed statistical tests. 
Thus subjects• overall comfort response data under 2 • .8 in Table 88 1 were 
subjected to an analysis of variance, the results of which are .shown in 
Table 89 1 P• 287. Only times were found to exert a significant effect 
(at 1 per cent level) on the subjects• overall comfort response. Neither 
subjects, nor conditions were found to exert any significant effect. To 
examine the effect of time 1 between pre and post test periods, more 
closely, the mean and associated SE for the subjects• comfort responses 
were determined (see Table 90 1 p. 287). These two means were then corn-
pared by "t" test, as shown in Table 91 1 p. 287• A significant differ-
ence (at 1 per cent level) was obtained. Subjects' comfort was greater 
before the treatment test period than afterwards, i.e. at the post test 
stage. 
Another primary response of subjects with regard to the T1 and T2 tests 
was examined in more detail. The raw data taken from Table 88 1 p. 284; 
pertaining to questionnaire number 4.4 on seat evaluation were subjected 
to an analysis of variance (see Table 92 1 p.288). Results from this 
analysis indicate that treatments exerted a significant effect (at 5 
per cent level) upon the subjects• evaluation. No other factor exerted 
a similar significant effect. Thus, insofar as rated responses can be 
used to make evaluations, a significant differential effect occurred 
between subjects• post T1 and post T2 seat evaluation. The mean and 
associated SE of the seat evaluations were determined (see Table 93 1 p.288). 
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1\) 
CP 
.,.. 
PRE 
POST 
S 11T1 
T1 
S1 1T2 
T2 
S3,T1 
T1 
S3,T2 
T2 
S5,T1 
T1 
S5 T2 
T2 
S(i)T 
T1 
Sj7)T2 
T2 
S9 T1 
T1 
· S9,T2 
T2 
Experiment 4. Subjective response raw data obtained from fifteen subjects(S) before and 
after a three hour reading-writing ta@k are given, with respect to conditions T1 and T2. 
Female subjects are bracketed. 
Test Control Questions (No.s) Psychophysical Questions (No.s) Test Evaluation Questions (No.s) 
1.111.1211.2ld"ltJ1I 1.4 lwlul1.51l 1,6 ... 2.1 2.2 2.3 2,4 2,5 2.6\2.7 2.8 
3.5\3.5113.s\J.S1 3.2 3.3 3A 3.7 3.1 u\u\4.21\4.3\4.4\4.5\4.614.71wlu\4.81 
y IN _IN ITIY jl245 j TIN IN I L3CTURES N N N N R N IN y 
y~jy ~I y N N F N I l:s IF IN I p I G IN IF IN IN IF 
y IN jN \7 LY]l245 IT IN IN I LECTURES N N N N R N\N y 
NINININ N N N c y r!E la IY lE lE IN le IN IN lE 
y IY I NI& LYh325 IT IN IN I ERRANDS N N N y c NI N 1: 
N\NlN IN N N y c N I \E\F\Y\PialyJoiNINIE 
y I NI Nl8 IY 11300 IT IN INIERRANDS N N N N A NI N y 
NINININ y N y c ·y BIn IF IY la lP IN lE IN \N lE 
Y IN IN is hJu2siT IN IN !sTANDING N N N N R NI N y 
NINININ N N y R y I IB lP lNIF laiNJG IN LNJG 
Y \N IN h IY luoo I s JN _\N \oDD JOBS N N N N R NI N y 
NINININ N N N R N I lE IF IY IF IF IN IF IYIN IF 
Y IN IY l1o IN ho45 IT J N JN \HousEWORK N N N N R N\N y 
NIN\y~I y N y F N I l:s I p I y IF IF h I G IN IN I G 
y IN jy jg jy 11320 IT IN IN I SHOPPING N N N y c NI N y 
NINININ N N N A y I IB IF IN I G I E jy I E IN IN I E 
yjy IN v.sh luls IT IN IN I COMPUTER N N N N c NI N y 
NI Nlnl N N N y F N I IB IF INIFIFIN\F\N\YIF 
Y\N IN t.51Y 11315 \TIN IN IPROGRAMMINC N N N N c NI N y 
NI NI NI N N N y c NI In IFIN\FIFINioiNIYIF 
contd. ( *) overall description or average only. 
- --------------------~--~---------------------------
Test Control Questions N.os ~) Psychophysical Questions (Nos.) Test Evaluation Questions (Nos.) 
PRE 1.1 11.1211.21d"j1.311 1,4 11.411.41 1,511 1,6* 2,1 2,2 2.3 2,4 2,5 z.el2.7 2,8 
' 3.sh.s1ls.sl3.61 3.2 3.3 3.4 3.7 3.1 4.1l4.2l4.2114.3lul4.514.61ul4.71 \4. alu1 POST 
S6 T2 y jy I N I 8 hl131 'i I T I N NI ERRANDS N y y N R NIN y 
T2 YIMrl Y IMr N N N R y rl:s!FirloloiNI ol NI NI G 
T1 r h I N I al yJ 13osl T I N NI STUDTINa N y N N R N IN y 
T1 riMol YIMr y N y R y r-f:s-1 F-[ rl Pl Fl NI Fl Yl NI a 
T2 y IN IN I '7 I y l1315l T I N NI STUDTINa N N N N c N IN y 
S8 T2 NI NI NI N N N N C y u I :s I F I N I a I a-[ NI o-[ N[ NI F 
T1 y I y IN I 7 I y 113151 T I N NI LECTURES N N N N c N IN y 
T1 NI NI NI N N N 1 ] y :sl:s IF IN IF i FT NI F-1 NI NI F 
S10T2 y I y IN I 7 lr I 13151 T I N NI SEMINARS N N N N c N IN y 
T2 . NI NI NI N N N ! c y :s I :s I F I N I F I aT rT al N1 N 1 a 
T1 I y I y IN Id y I B1"i IT IN NI ERRANDS N N N N c NIN y 
T1 NI NI NI N N N } c y B h I F I NI a I al Nl ~~ il NI a 
ls!12)T2 r I N iY I 9 h !Boo I T I N NI LAB WORK N N N N R NIN y 
T2 NI NI riMr y N y R N lr:s l:s I F I NI pI :sTy-raT NI NI F 
'1'1 y IN I y I q I y I, ?'l,O I rp I tl NI 1\l IN IH iH 11 IN IN : y 
T1 NI NI ;r~n y N y R y lr:s 1 :s-h-f N lnln lr I a I NI NI F 
Is 14T2 y IN I N I 8 jy 11130 I s I N NI ERRANDS N N N N c NIN y 
T2 NI NI NI N N N N F N m I :sI F I NI a I PI il a! NI NI a 
T1 y 1 N 1 y 1 a 1 y J 1230 1- T 1 N NI ERRANDS N N N N c NIN y 
T1 NI NI NI N N N 'Y R N riEIFiriPioiNiaiNINI a 
f\) . ·--- -
& (*) overall description or average only. 
\ 
' . 
Test Control Questions (Nos.) . . .. Psychophysical Questions (Nos,) · Test Evaluation Questions (Nos.) 
PRE 1.1 !1.12lu[d''l1.31l 1.4 lu1l1.sl1.51l 1.6 * 2.1 2.2 2.3 2.4 2.5 2.6 b-7 2.8 
POST 3.5 13.5113.6 13.61 3.2 3.3 3.4 3.7 3.1 4.114.214.2114.314.4/4.s/4.614.714.71/u /4.s1 
S(11 )~ Y I Y IN I 8 h I 81 '1 I T I NI N lnrscussioN N N N N c NIN y 
T1 N IN IN IN N y N A N Bl Bhl Nl al al Yl El NI N-1 E 
T2 y IN IN I 7 h 11230 I 1 I NI NI READING N y N N C' N IN y 
IY biiY IM1 frB-r n1 Pl Nl El Fl Yl al Yl NI E r T2 N N N c N 
S13 T1 Y I Y IN I si Y l124sl T I NI N bn-NEAR JOB N N N N c NIN y 
T1 N IN IN IN y N N c y u I B I F I N I F 1 ET NI El N-l ~ I E 
T; y )y I N I 8 I y I 1300 I T I NI N bD-NEAR JOB N N N N c N IN y 
T: N IN IN IN N N N c y u In I F I NI a 1 a] NI ~T N-1 N! E 
js(lS)T y I y _l y j 7 I y 11300 I T I NI NI SHOPPING . N N N N R NIN y 
T1 N IN IN IN N y N F N B I B I pI N I F h hI ;TNT N f G 
T: Y IN I Y I 9 h.lu15l sI NI NI LEISURE N N N N R N IN y 
T~ N IN IN IN N y N R y I I El F I NI G TaT nl E-, ~~ N r E 
S2 T2 y IN IN I 7 h 113151 T I NI NI ERRANDS N N y N R NIY y 
T2 N IN IN IN y N y R N r I B I aT y[ FT cl Yl cl Nl Nl E 
T1 y INJN J 7 IYin?o;l If' I NI Nir.AHWOfll( IN N IN N R NIY y 
T1 N -~N IY ~I N N y R N IlElFlNlFIFINlFININ la 
S4 T2 y I Ni N I 7 jy 11230 I 1 I N I N I STUDIED N N N N c YIN y 
. Ykr!Y~i riBiaiNIEIEINIEINI NI a T2 y N y F N 
T1 Y IN IN Is h l124sl sI NI NI sHoPPING N N N N A N IN y 
T1 Y koiY bo y y y F N I In I Ff NIP l Fl yj al Nl Nl a 
TABLE 89 
Experiment 4. Analysis of variance comparing the effects of experimen-
tal treatments and times of measurement, upon overall subjective comfort. 
Variance Ratio 2-Tail 
Source DF ss MS Ag:ainst (a 2 Si~ificance 
Subjects (s) 14 2.6 .186 1.537 NS 
Treatments (T) 1 • 1 .100 .826 NS 
Times (TS) 1 4.3 4-300 35-537 ** 
s xT 14 1 • 1 .078 .644 NS 
s x TS 14 1. 9 .135 1. 115 NS 
T x TS 1 • 1 .100 .826 NS 
s xT x TS 14 1.7 • 121 (a) 
Total 59 11.8 
TABLE 90 
Experiment 4. Mean and associated standard error (SE) of overall 
subjective comfort, at different times. 
Times 
Pre Treatment Test 
Post Treatment Test 
T.I\BLE 91 
-X 
1.000 
.466 
SE 
.064 
" 
Experiment 4. Comparison by "t" test of means obtained at different 
times, for overall subjective comfort. 
Means SE of 2-Tail 
Com;eared' Difference Difference "t". DF Sig:nificance < 
Total pre-
experiment 
and + -534 .0894 + 5-97 14 ** Total post-
experiment 
TABLE 92 
Experiment 4. Analysis of variance comparing the effects of 
experimental treatments upon evaluation of the seat. 
Variance Ratio 2-Tail 
Source DF ss MS Against {a2 Si!';!!ificance 
Subjects (s) 14 4-7 .335 .350 NS 
Treatments (T) 1 6.6 6.600 6.896 * 
S x T 14 13.4 -957 (a) 
Total 29 24.7 
TABLE 93 
Experiment 4. Mean and associated standard error (SE) of~ 
evaluation ratings under different treatments. 
Da 
Post T1 Test 
Post T2 Test 
TABLE 94 
-X 
3.867 
4.800 
SE 
.253 
" 
Experiment 4. Comparison by "t" test o:f means obtained on different 
days for post experiment seating evaluation. 
Means SE of 2-Tail 
Com:12ared Difference Difference "t" DF Significance 
Post T1 
and 
- -933 -3572 2.612 14 * 
post T2 
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On average 1 the T2 seat was rated at 4.8 1 the T1 seat at 3,8. In 
other words 1 the T2 seat was rated between fair and good. The T1 
seat was rated between poor and fair. These means were compared by 
"t" test 1 as indicated in Table 94 1 p.288 • The results of this show 
that subjects' post treatment evaluation of the T2 seat was significantly 
better (at 5 per cent level) than that for the T1 seat, 
Further, but less detailed, analyses were carried out using raw data 
from Table 88 1 p.284. The results of these analyses which are des·dri:p-
tive in nature are given in Table 95 1 p.291. The most important 
results seem to be as follows:-
(a) Answers to question No. 1.12 indicate that over half of the subjects 
engaged in a sustained sedentary activity on one or both norrn days 
during the period 1330 - 2100. 
(b) Some slight evidence was found that subjects experienced visual 
strain due to treatment conditions, particularly T1. 
(c) Seven of the subjects reported being visually tired after T1 1 T2 
or both conditions. There was a slight differential effect, with 
T1 being worse than T2. 
(d) Just over half of the subjects experienc'ed thermal discomfort in 
T1 1 T2 or both. No differential effect occurred between T1 and 
T2. 
(e) Very little discomfort from the lighting was experienced. T2 was 
slightly worse than T1. 
(f) Almost two-thirds of !lUbjects preferred the lighting conditions in 
T2 over those of T1. 
(g) Very little auditory discomfort occurred and there was no 
differential effect. 
(h) Some slight preference for the auditory conditions in T2 was 
indicated. 
(i) Just over half of the subjects indicated that they experienced 
physical fatigue after T1 1 T2 1 or both. There was some slight 
differential effect, in that T1 was worse. 
(j) Few of the subjects reported physical tension. 
did, 3 reported that it occurred in T1. 
Of the four that 
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(k) Over t•<o-thirds of the subjects experienced physical aches or 
pains after T1, T2, or both. Evidence of a differential effect 
was found, with T1 worse. 
(1) Seven of the 15 subjects indicated their mental state improved 
after T1 and T2, with the T2 condition most beneficial. 
(m) Over two-thirds of the subjects experienced discomfort due to T1, 
T2, or both conditions. There was a slight tendency for T1 to 
be judged worse. 
(n) Two-thirds of the subjects preferred the seating in the T2 condi-
tion; only 2 of .the 15 subjects preferred that in T1, and 3 
expressed no preference. 
(o) No clear preference was shown for the work surfaces used in condi-
tions T1 and T2. There was the slightest indication that T2 was 
better. 
Overall, the data in Table 95, p.291 indicate that, subjectively, the 
T2 condition was less tiring, fatiguing, etc., and more comfortable 
than the T1 condition. Nevertheless, as indicated in Tables 89, 90, 
91 and 92, subjects were significantly less comfortable at the end of 
both T1 and T2 condition test periods, in comparison with how they felt 
at the beginning of these treatment tests. 
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Question 
No. 
1. 12 
Responses. Compared 
Near visioned sedentary activity was 
engaged in for 1 to 2.5 hours, between 
1330 and 1 '700 1 on one or both norm days. 
3. 5 Visual strain was reported after T1 1 
T2 1 or both. 
3.6 T1 1 T2 or both were found to be 
visually tiring. 
4.6 Thermal discomfort was experienced in 
T1 1 or T2 1 or both. 
4. 72 
4.81 
Lighting discomfort was experienced in 
T1 1 or T2 1 or both. 
Preference for lighting conditions 
Auditory discomfort was experienced in 
T1 1 or T2 1 or both. 
Preference for auditory conditions in 
T1 1 or T2 1 or both, 
Response 
Hetween the 
Difference 
Subjects (Ss) 
8 Ss reported that they had, and 3 out of 
these 8 did so on both norm days. 
3 Ss reported visual strain after T1 
1 Ss 11 11 11 11 T2 
2 Ss 11 " " " both. 
3 Ss reported visual tiredness after T1 
1 " " " " " T2 
3 " " " " " both. 
3 Ss experienced thermal discomfort in T1 
2 " " " " " T2 
3 " " " " " both. 
1 Ss experienced lighting discomfort in T1 
2 " " tt " " " T2 
0 " 
2 Ss 
9 " 
4 " 
0 Ss 
0 " 
1 " 
4 Ss 
1 " 
10 " 
" " " " 
" both. 
preferred lighting conditions in T1 
" " '' " T2 
expressed no preference. 
experienced auditory discomfort in T1 
" " " " 
T2 
" 
11 
" " both. 
preferred auditory conditions in T1 
" " " " T2 
expressed no preference. 
contd. 
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Question 
No. 
3.2 
3.7 
3.1 
4.4 
4·5 
Responses Compared 
Physical fatigue was reported after T1 1 
or T2 1 or both. 
Physical tension was reported after 
T1 1 T2 1 or both. 
Physical aches or pain were reported 
after T1 1 T2, or both. 
Evaluation of mental state after T1 
and T2 was better. 
Overall discomfort was experienced 
after T1 and T2. 
Preferences for seating were made 
after T1 and T2. 
Preferences for the work surface were 
made after T1 and T2. · .. 
4 Ss 
2 Ss 
2 Ss 
3 Ss 
1 " 
0 n 
5 Ss 
2 " 
4 " 
2 Ss 
5 n 
8 " 
Response Difference 
Between the Subjects (Ss) 
reported physical fatigue after T1 
" 
n 
" " T2 
11 
" " " both. 
reported physical tension after T1 
" " " 
n T2 
" " " " both. 
reported physical aches or pain after T1 
n " 1t n " tt T2 
" 
n 
" " " 
" both. 
said mental state was better after T1 
" tt u " H H T2 
no difference in condition 
4 Ss experienced overall discomfort after T1 
2 " " tt u " T2 
5 n n n n " both • 
2 Ss 
10 " 
3 " 
6 Ss 
7 n 
2 " 
preferred the seating used 
" " 
n 
" 
expressed no :preference. 
preferred the work surface 
11 
" " " 
expressed no :preference. 
in T1 
11 T2 
used in T1 
" " T2 
8 
~ 
s;j 
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4-4-7 Task Performance Results 
Raw data on subjects• performance on the Cloze procedure task,during 
conditions T1 and T2 in Experiment 4, are provided in Table 96 1 p. 295; 
Performance of the subjects on the RM 1-5 task ranged from 20 to 59 per 
cent correct, with an average of 44.6 correct. Their performance on 
the RM 6-9 task ranged from 2 to 47 per cent correct with an average of 
32.1 per cent correct. The subjects• performance on the Cloze material 
during each condition was subjected to an analysis of variance. The 
results (see Table 97, p.296) indicated that only subjects themselves 
exerted a significant effect (at 5 per cent level) on performance at 
the task. Thus there was no indication that performance differed sig-
nificantly between T1 and T2. 
A further use of the raw data in Table 96 was made. An analysis of 
variance of the two sets of reading material (i.e. RM 1-5 and RM 6-9) 
used in Experiment 4 is shown (see Table 98 1 p.296 ). Results from this 
analysis indicate that both subjects, and set of reading material 
exerted a significant effect (at 1 per cent level) on performance. The 
mean and associated SE were determined for each task and are·sho•~ in 
Table 99 1 p. 296. The mean performance achieved on each set of tho;J 
reading material, i.e. 1-5 1 and 6-9 1 were compared by "t" test (Table 
100, p296). Subjects• performance on the Cloze Procedure task made 
up of RM 1-5 was found to be significantly higher, on average, than that 
achieved on RM 6-9. 
Thus performance results indicate that subjects• ability to carry out 
the reading-«riting task varied widely. Performance during the T1 
test period was found to be slightly higher than that found in T2 1 but 
not significantly so. Male and female performance varied on average 
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by only 1 per cent. The two sets of reading material making up the 
tasks were found to be different. However, the application of the 
two sets of reading material were evenly distributed amongst T1 and 
T2 tests (see Table 17, p.l54). 
TABLE 96 
Experiment 4. Performance in the two Cloze Procedure reading-writing 
tasks, of the fifteen subjects, is given. Performance is broken down 
along with the reading material that made up each task. Female subjects 
are bracketed. 
RM task 
1-5 words 
+ 
6-9 
1 • 1 
1. 2 
1.3 
2.1 
2.2 
3.1 
4.1 
4.2 
5.1 
5.2 
5·3 
blank 
78 
37 
56 
32 
49 
111 
159 
37 
118 
74 
36 
Total 787 
% correct 
6.1 55 
6.2 56 
6,3 50 
6.4 136 
?.1 101 
7.2 57 
. 8.1 33 
8.2 72 
8. 3 102 
9.1 155 
82 
Total 899 % correct 
MEAN 
TOTAL 
%CORRECT 
Subject's number 
and number of correctly filled word blanks 
1 2 3 4 5 6 (7) 8 9 10 
13 26 ' 26 39 33 34 36 35 34 23 
9 21 20 20 21 23 26 19 23 22 
16 33 34 36 39 37 34 38 43 38 
(11) (12) 
28 28 
19 22 
40 33 
13 14 (15) 
22 30 19 
11 19 17 
24 38 29 
9 16 22 2 20 20 18 20 22 21. 12 
28 
65 
11 26 32 31 . 33 30 31 
29 60 64 71 69 72 66 
11 37 69 45 51 83 48 
32 
74 
85 
31 32 
63 64 
23 10 19 14' 
35 26 31 6 
65 39 70 
73 63 60 
19 
68 
36 
68 46 63 
8 1 25 24 26 22 23 21 22 21 18 
38 
3 
13 
63 79 76 77 70 71 77 68 
9 42 41 19 30 42 16 39 
84 . 40 68 60 
7 3 32 28 
21 25 16 22 23 21 16 
20 28 46 48 55 54 38 59 55 52 50 49 
7 17 24 33 34 29 26 33 27 33 31 38 
3 7 28 21 32 32 27 22 ' 26 32 19 26 
7 21 26 30 20 25 23 31 22 25 
1 52 70 29 50 64 61 19 49 31 
39 44 43 46 50 56 40 36 17 42 38 
29 30 35 36 36 . 29 31 29 32 30 36 
20 15 21 18 21. 23 20 21 22 15 22 
33 29 42 38 43 35 42 28 36 36 23 
42 18 54 63 55 61 41 60 45 
64 87 82 27 64 95 29 
37 45 35 
19 14 
22 50 34 
10 28 15 
28 14 
21 13 
27 11 
17 21 7 
1 32 23. 
1 16 10 
38 24 
51 35 
36 78 52 
11 34 1 
2 32 29 42 33 46 4 7 45 32 46 35 27 8 42 23 
11 30 37 45 43 50 43 51 43 49 42 37 15 46 29 
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TABLE 97 
Experiment 4. Analysis of variance comparing the effects of 
experimental treatments upon task performance. 
Variance Ratio 2-Tail 
Source DF ss MS Against (a) Significance 
Subjects (s) 14 4135.12 295-365 2.846 * 
Treatments (T) 1 113.65 113.650 1.095 NS 
s X T 14 1452-95 103.782 (a) 
Total 29 5701.72 
TABLE 98 
Experiment 4. Analysis of variance comparing the effects of the two 
forms of task, upon task performance •. 
Variance Ratio 2-Tail 
Source DF ss MS Against (a) Significance 
Subjects (s) 14 4135.12 295-365 11.146 ** 
Reading (RM) 1 1195.62 1195.620 45. 121 ** Material 
S x RM 14 370.98 26.498 (a) 
Total 29 5701.72 
TABLE 99 
Experiment 4. Mean and associated standard error (SE) of performance 
(per cent correct) at different forms of task. 
Performance 
ReadingMaterials (RM) 1-5 
Reading Materials (RM) 6-9 
TABLE 100 
X 
44.68 
32.10 
SE 
1. 329 
" 
Experiment 4. Comparison by "t" test of performance means obtained at 
different forms of task. 
Means SE of' 2-Tail 
Compared Difference Difference ttttt DF Signif'icance 
RM 1-5 
and + 12.58 1.878 + 6.69 14 ** 
RM 6-9 
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Rank Correlation Results 
To examine further the results obtained in Experiment 4 rank correla-
tions were calculated, by means of >rhich the relat1ons between the 
various measures employed in Experiment 4 could be establish.ed. The 
correlation techniques of Kendall (1962) were used. Only one tail 
tests of significance were used in the evaluation of coefficients of 
correlation obtained. This was because in general, for the measures 
related, it was possible to predict the significant of the resultant 
coefficient. 
The first series of rank correlation coefficients calculated involved 
two of the three biochemical measures, viz 1 WBC and EBC. Difference in 
percentage of change for these measures was used in the calculation of 
11 correlation coefficients. These are shown in Table 101 1 p. 299~ 
In 5 of the 11 tests significant rank correlations (at 5 per cent level) 
were obtained. The significant results indicate:-
(a) that the order in which the subjects fell in terms of systemic 
stress, measured by the difference in EBC percentage change 
between 1700 and 2100 1 was very similar on the days in Which 
conditions T1 and T2 were applied. 
(b) that subjects tended to fall into opposite orders in terms of 
difference in EBC percentage change taken betl<een 1330 and 1700 1 
and between 1700 and 2100 on the day on which condition T2 was 
applied. 
(c) that sex of subject was related to stress response (measured in 
terms of difference in EBC percentage change, between 1700 and 
2100) on both treatment days. Female subjects Here more 
systemically stressed than males. 
297 
(d) that the metabolic rate (kjjsq.m./hr.) of subjects was related 
to stress response (measured in terms of difference in EBC 
betl-Jeen 1700 and 2100) on the day on which condition T1 was 
applied. Subjects that were more systemically stressed also 
had lower metabolic rates. 
One correlation was almost significant at the 5 per cent level. There 
1;as some evidence that there was an inverse relation betl·reen stress 
measured in terms of difference in EBC and WBC percentage change 
between 1700 and 2100 on the day in which condition T1 was applied. 
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TABLE 101 
Experiment 4. The rank correlation test results, obtained by compar-
ing the order of 15 subjects' (Ss) systemic responses in terms of 
differences in WBC and EBC percentage of change on the days on which 
conditions T1 and T2 were applied. 
NS p ) .10 * .01 ) p < .05 
NS* .05 < p < .10 ** p < .01 
Rank Orders Compared "z'' 
"p" Significance "Pau" 
chance 1-Tail 
T1 + EBC % change difference: 
1700- 2100 and - .037 - 1.366 .085 NS* 
T1 + WBC % change difference: 
1700- 2100 
T2 + EBC % change difference: 
1700 - 2100 and - .048 - .175 .429 NS 
T2 + WBC % change difference: 
1700- 2100 
T1 + EBC % change difference: 
1700 - 2100 and + .580 + 2.136 .016 * 
T2 + EBC % change difference: 
1700 - 2100 
T1 + EBC % change difference: 
1330 - 1700 and - .048 - .175 .429 NS 
T1 + EBC % change difference: 
1700 - 2100 
T2 + EBC % change difference: 
1330 - 1700 and - .467 - 1. 718 .043 * 
T2 + EBC % change difference: 
1700 - 2100 
T1 + EBC % change difference: 
1700 - 2100 and - • 228 - 1 • 829 .033 * 
male/female Ss 
T2 + EBC % change difference: 
1700 - 2100 and - .195 - 1.568 .058 11 
male/female Ss 
T2 + EBC % change difference: 
1700- 2100 and - .114 ·914 .181 NS 
sedentary/non sedentary Ss 
(in terms of their occupation) 
T2 + EEC % change difference: 
1700 - 2100 and .081 .653 • 258 NS 
sedentary/non sedentary Ss 
(in terms of their occupation) 
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TABLE 101 ( contd.) 
Rank Orders Compared "Tau" n z" chance 1-Tail 11p" Significance 
T1 + EBC % change difference: 
1700- 2100 and 
+ ·448 T1 metabolic rate increases + 1.647 .049 * 
(in terms of Ss, kj/sq.m./hr.) 
T2 + EBC % change difference: 
1 700 - 2100 and 
T2 metabolic rate increases + • 257 + .945 .168 NS 
(in terms" of Ss, kj/sq.m./hr.) 
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One correlation was almost significant at the 5 per cent level. There 
was some evidence that there was an inverse relation between stress 
measured in terms of difference in EBC and WBC percentage change 
between 1700 and 2100 on the day in which condition T1 was applied. 
The second series of rank correlation coefficients calculated involved 
all 3 biochemical measures used in Experiment 4; WBC 1 EBC and urinary 
corticosteroid (17-steroid) material (mg/sq.m/hr). Differences in 
percentage change (from the established norms) for these measures, 
together with the amount of 17..,.steroid material excreted, were used in 
the calculation" of 13 correlation coefficients; ""These are" shown in 
Table 102 1 p. 303. None of the 13 tests were found to be significant 
at even the 5 per cent level. However, 4 out of the 13 tests were 
found to be almost significant, at the 10 per cent level. 
was some evidence that:-
Thus there 
(a) subjects tended to fall in an opposite order in terms of stress 
measured by difference in 17-steroid (material excretion) percen-
tage change and WBC percentage change between 1700 and 2100 on 
the day in which condition T2 was applied, i.e. they were not 
supportive of each other. 
(b) The order in which the subjects fell in terms of systemic stress 
measured by the difference in 1 7-steroid percentage change bet;;een 
1700 and 2100 Has very similar on both days in ~;hich conditions T1 
and T2 were applied. 
(c) subjects tended to fall in a similar order in terms of stress, 
measured as difference in 17-steroid percentage change and EBC 
percentage change between 1330 and 2100 on the day·on which condi-
tion T1 ~;as applied, i.e. they ~;ere supportive of each other. 
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(d) the order in which subjects fell was opposite in terms of systemic 
stress measured as difference in 17-steroid percentage change 
between 1330 and 2100 and EBG percentage change between 1700 and 
2100 on the day on which condition T2 was applied, i.e. they were 
not supportive of each other. 
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TABLE 102 
Experiment 4. The rank correlation test results, obtained by comparing 
the order of 15 subjects (Ss) systemic responses in terms of urinary 
corticosteroid (1 7-steroid) material (mg/ sq .m/hr.) excretion, and differ-
ences in 17-steroid1 WBC 1 and EBC percentage of change on the days in 
which conditions T1 and T2 were applied. 
NS p > .lO 
NS* .• 05 (P ( .lO 
* .Ol) p (.05 
** 'p < .Ol 
Rank Orders Compared "Tau" "z" chance 1-Tail 
"p" Significance 
T1- (17-steroid) mg excreted at 
2100 and + .067 + • 245 .402 NS 
T1 + EBC % change difference: 
1330- 1700 
., .· 
- ,. 
T2 ·~ (17-steroid) mg excreted· at 
2100 and - .086 - .315 .376 NS 
T2 + EBC % change difference:. 
1330 - 1700 
T1 - (17-steroid) mg excreted at 
2100 and + .162 + ·595 • 274 NS 
T1 + EBC % change difference: 
1700 - 2100 
T2- (17-steroid) mg excreted at 
2100 and + .408 + .1 75 .428 NS 
T2 + EBC % change difference: 
1700 - 2100 
T1 - (17-steroid)% change difference: 
1700 - 2100 and - • 257 - .945 .171 NS 
T1 + WBC % change difference: 
1700 - 2100 
T2 - (17-steroid) % change difference: 
1700 - 2100 and - • 390 - 1.436 .074 NS* 
T2 + WBC % change difference: 
1700 - 2100 
T1- (17-steroid)% 
1700 - 2100 and 
T2- (17-steroid)% 
1700 - 2100 
change difference: 
+ .352 + 1.300 
change difference: 
T1- (17-steroid)% change difference: 
1700 - 2100 and + .048 + .175 
T1 + EBC % change difference: 
1700 - 2100 
T2- (17-steroid)% change difference: 
1700 - 2100 and - .067 - • 245 
T2 + EBC % change difference: 
1700 - 2100 
NS* · 
.429 NS 
.401 NS 
TABLE 102 (contd.) 
Rank Orders Compared "Tau" "z" chance 
1-Tail 
"P" Significance 
T1- (17-steroid) f. change difference: 
1330 - 2100 and + .371 + 1. 366 .085 NS* 
T1 + EBC % change difference: 
1330 - 2100 
T2- (17-steroid)% change difference: 
1330 - 2100 and .010 - .035 .484 NS 
T2 + EBC % change difference: 
1330 - 2100 
T1 - (17-steroid)% change difference: 
1330 - 2100 and + .010 + .035 .484 NS 
T1 + EBC % change difference: 
1700- 2100 
T2- (17-steroid)% change difference: 
1330 - 2100 and .352 - 1.300 .096 NS* 
T2 + EBC % change difference: 
1700- 2100 
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A third series of rank correlation coefficients calculated involved the 
visual-postural behaviour as recorded by photographic techniques. 
Aspects of behaviour correlated included postural movement·, angle of 
vision, focal distance and visual asymmetry as maintained during the 
T1 and T2 conditions. Twenty rank correlation coefficients were cal-
culated. These are given in Table 103 1 p.306; In 4 out of the 20 
tests significant results (at 1 and 5 per cent levels) were obtained. 
These indicated:-
(a) that occupation of the subjects was related to the amount of 
postural movement they exhibited in condition T1. Subjects who 
had non-sedentary occupations engaged in more movement. 
(b) that the order in which the subjects fell, in terms of the focal 
distance they maintained, while seated and working at the reading-
writing task, during the TEST PERIOD was similar in both the T1 
· and T2 conditions. 
(c) that the order in which the subjects fell, in terms of angle of 
vision they maintained, while seated and working at the reading-
writing task, during the TEST PERIOD ~1as similar in both the T1 
and T2 conditions. 
(d) that subjects fell into opposite orders in terms of increase in 
angle of vision and focal distance, while at the task, during the 
TEST PERIOD on the day on which condition T1 was applied. This 
means that as subjects' angle of vision increased, their focal 
distance tended to decrease. 
One correlation was almost significant at the 5 per cent level. There 
was some evidence that a positive relation existed between the amount 
of visual asymmetry subjects exhibited while at the reading-writing 
task during the TEST PERIOD, during both the T1 and T2 conditions. 
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TA13LE 103 
Experiment 4. The rank correlation test results, obtained by compar-
ing the order of 15 subjects• (Ss) postural movement and visual orien-
tation responses as photographically recorded during conditions T1 and 
T2. 
NS p > .10 
NS* .05 < p < .10 
* .01 ) P (.o5 
** p < .01 
Rank Orders Compared 
T1 postural movement increases 
and 
T2 postural movement increases 
T1 postural movement increases 
"Tau" "z". 
- • 314 -1. 152 
and - .016 - .131 
male/female Ss 
T2 postural movement increases 
and - .098 - .783 
male/female Ss 
T1 postural movement increases 
and + • 244 +1.959 
sedentary/non sedentary Ss 
(in terms of occupation) 
T2 postural movement increases 
and - .130 -1.045 
sedentary/non sedentary Ss 
(in terms of occupation) 
T1 postural movement increases 
and 
T1 angle of vision increases 
T2 postural movement increases 
+ .088 + .315 
and - .088 + • 315 
T2 angle of vision increases 
T1 postura1 movement increases 
and - .105 - .385 . 
T1 focal distance increases 
T2 postura1 movement increases 
and 
T2 focal distance increases 
T1 postural movement increases 
and 
T1 visual asymmetry increases 
+ .314 +1. 155 
- .009 - .000 
chance 1-Tail 
"p" significance 
.125 NS 
.448 NS 
.217 NS 
.025 * 
.146 NS 
.371 NS 
.371 NS 
.348 NS 
.123 NS 
.500 NS 
contd. 
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TABLE 103 (contd.) 
Rank Orders Compared "Tau" tt Z" chance 1-Tail 11p1t significance 
T2 postural movement increases 
and - .124 - .455 .322 NS 
T2 visual asymmetry increases 
T1 visual asymmetry increases 
and + .351 +1.331 .091 NS* 
T2 visual asymmetry increases 
T1 focal distance increases 
and + .600 +2. 206 .012 * 
T2 focal distance increases 
T1 angle of vision increases 
and + .524 +1.923 .027 * 
T2 angle of vision increases 
T1 visual asymmetry decreases 
and - .010 - -.035 .484 NS 
T1 angle of vision increases 
T2 visual asymmetry decreases 
and + .048 + .175 .389 NS 
T2 angle of vision increases 
T1 angle of vision increases 
and 
-
.486 -1.786 .036 ** 
T1 focal distance increases 
T2 angle of vision increases 
and - .219 - .805 .197 NS 
T2 focal distance increases 
T1 focal distance increases 
and - .010 - .035 .484 NS 
T1 visual asymmetry decreases 
T2 focal distance increases 
and + .067 + .245 .363 NS 
T2 visual asymmetry decreases 
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A fourth series of rank correlation coefficients v1as calculated. These 
calculations involved the order in which subjects fell in their res-
ponses measured in terms of visual-postural behaviour and systemic stress 
as represented by differences in EBC percentage of change. 
are shown in Table 104 1 p.309. 
The results 
In 3 out of the 12 tests, significant rank correlatior~ (at 5 per cent 
level) were obtained. The significant results indicate:-
(a) that the orders in which the subjects fell, in terms of the 
average amount of postural imbalance, (i.e. in both the frontal 
and sagittal planes) maintained during the TEST PERIOD (i.e. 1400 
to 1700) and systemic stress measured by the difference in EBC 
percentage change between 1700 and 2100 (i.e. approximately 1300 
and 1700 with response lag) were very similar on the T1 
condition day. 
(b) that the orders in Which subjects fell in terms of amount of 
visual asymmetry maintained during the TEST PERIOD and systemic 
stress measured by the difference in EBC percentage change 
between 1700 and 2100 were opposite on the T1 condition day. 
Two correlations were almost significant at the 5 per cent level. 
There was evidence that the orders in Which subjects fell in terms of 
amount of visual asymmetry maintained during the TEST PERIOD and systemic 
stress measured by the difference in EBC percentage change between 1700 
and 2100 were similar on the T2 condition day. 
conflict with (b) above. 
This result is in 
Secondly, there was evidence that the orders in which subjects fell in 
terms of the amount of visual asymmetry and the average amount of postural 
imbalance which they maintained during the TEST PERIOD in the T2 condition 
tests 1 were .similar. 
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TABLE 104 
Experiment 4. The rank correlation test results obtained by comparing 
the order of 15 subjects• (Ss) visual-postural behaviour and systemic 
responses in terms of differences in EBC percentage change on the days 
in which conditions T1 and T2 were applied. 
NS p > .10 * .01 > p < .05 
NS* 
.05 < p < .10 ** p < .01 
"z" 
chance 1-Tail 
"p" Significance Rank Orders Compared "Tau" 
T1 postural movement increases 
and + .162 + ·594 • 277 NS 
T1 + EBC % change difference: 
1700 - 2100 
T2 postural movement increases 
and - .314 -1. 152 .125 NS 
T2 + EBC % change difference: 
1700 - 2100 
T1 postural imbalance decreases 
and + .409 +1. 506 .059 * 
T1 + EBC % change difference: 
1700 - 2100 
T2 postural imbalance decreases 
and - .143 - .523 • 298 NS 
T2 + EBC % change difference: 
1700 - 2100 
TJ focal distance increases 
and + .085 + .315 .374 NS 
T1 + EBC % change difference: 
1700- 2100 
T2-focal distance increases 
and 
-
.028 
-
.105 .460 NS 
T2 + EBC "/o change difference: 
1700 - 2100 
T1 visual asymmetry decreases 
and 
- .505 -1.856 .031 * 
T1 + EBC % change difference: 
1700 - 2100 
T2 visual asymmetry decreases 
and + .371 +1.366 .085 NS* 
T2 + EBC % change difference: 
1700- 2100 
contd. 
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TABLE 104 ( contd.) 
Rank Orders Compared "Tau" "z" chance 1-Tail 
"p" Significance 
T1 angle of vision increases 
and - .066 - .245 .401 NS 
T1 + EBC % change difference: 
1700 - 2100 
T2 angle of vision increases 
and + .124 + .455 .326 NS 
T2 + EBC % change difference: 
1700 - 2100 
T1 visual asymmetry decreases 
and 
-
• 219 - .805 • 209 NS 
T1 postural imbalance decreases 
T2 visual asymmetry decreases 
and + .390 +1.436 .075 NS* 
T2 postural imbalance decreases 
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A fifth series of rank correlation coefficients calculated involved 
the 3 major measures of subjective response and difference in EBC 
percentage change obtained in Experiment 4. Six correlation coeffi-
cients were calculated. These are given in Table 105 1 p. 312. In 
only one test was a significant rank correlation (at 5 per cent level) 
found. This significant result indicates:-
(a) that subjects fell into opposite orders of response in terms of 
post-treatment test comfort, and systemic stress as measured in 
terms of difference in EBC percentage change between 1700 and 
2100 (i.e. approximately 1300 and 1700 with a 4 hour response lag) 
on the day on Which condition T1 was applied. 
One correlation was almost significant at the 5 per cent level. There 
was strong evidence that an inverse relation between systemic stress 
between 1700 and 2100 (i.e. 1300 and 1700) on the day on which condi-
tion T1 was applied, and norm day sedentary activity between 1400 and 
1700. This means that subjects who reported. having been engaged in 
a·, 1 to 2.5 hour sedentary activity during 1400 to 1700 period, on one 
or both of their norm days, were later found to exhibit less systemic 
stress in the T1 condition TEST PERIOD (1400 to 1700). This evidence 
-~~·~-~-· c:···indicates that there was a masking effect imposed on the EBC measure 
... _ ... ;-·: .. :·-. 
of systemic stress. Because a clear norm and test day comparative 
task activity difference was lacking. 
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TABLE 105 
Experiment 4. The rank correlation test results, obtained by 
comparing the order of 15 subjects• (Ss) subjective responses and 
systemic responses, in terms of differences in EBC percentage change 
on the days in which conditions T1 and T2 l<ere applied. 
NS , p > .10 
NS* 
.05 < p < 
Rank Orders Compared 
Post T1 1 discomfort occurred 
and 
Post T21 discomfort occurred 
Post T1 1 seat evaluation 
and 
Post T2 1 seat evaluation 
T1 comfort response increases 
and 
T1 + EBC % change difference: 
1700 - 2100 
T2 comfort response increases 
and 
T2 + EBC % change difference: 
1700 - 2100 
* 
.10 ** 
"Tau" 
+ .053 
- .182 
- ·490 
+ .033 
Norm day sitting occurred: 1700 to 2100 
and - .313 
T1 + EBC % change difference: 
1700 - 2100 
Norm day sitting occurred: 1700 to 2100 . 
and - • 234 
T2 + EBC % change difference: 
1700 - 2100 
.01 > p < .05 
p < .01 
chance 1-Tail 
"z" "P" Significance 
+ .235 .409 NS 
- .821 .206 NS 
-1.850 .032 * 
+ .480 .310 NS 
-1.389 .082 NS* 
-1.041 . •. 149 NS 
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A final series of rank correlation coefficients calculated involved 
the subjects' task performance, postural movement and two of the 
biochemical measures, i.e. WBC and EBC, obtained in Experiment 4. 
Cloze Procedure (RM 1-5 or RM 6-9) scores, the amount of postural 
movement maintained, and the difference in percentage of change of 
the biochemical measures were used in the calculation of 7 correla-
tion coefficients. Results are shown in Table 106·, p. 314~ 
In only one test was a significant rank correlation (at 5 per cent 
level) found. This significant result indicates:-
(a) that subjects tended to fall into similar orders, in terms of 
the performance attained during the TEST PERIOD (1400 to 1700) 
and systemic stress (in terms of difference in EBC percentage 
change) between 1700 and 2100 (i.e. approximately 1300 and 1700) 
on the day on which condition T2 was applied. In terms of the 
way the correlation was calculated, subjects who showed stress 
responses in condition T2 produced poor performance scores. 
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TABLE 106 
Experiment 4. The rank correlation test results obtained by comparing 
the order of 15 subjects' (Ss) Cloze Procedure/task performance, 
systemic responses in terms of differences in WBC and EBC percentage 
change, and postural movement responses, during the T1 and T2 conditions. 
NS p) .10 
NS* 
.05 < p. < .10 
Rank Orders Compared 
T1 performance decreases 
and 
T2 performance decreases 
T1 performance decreases 
and 
"Tau" 
+ .162 
.029 
T1 postural movement increases 
T2 performance decreases 
and + .152 
T2 postura1 movement increases 
T1 performance decreases 
and • 257 
T1 + WBC % change difference: 
1700 - 2100 
T2 performance decreases 
and + .048 
T2 + WBC % change difference: 
1700 - 2100 
T1 performance decreases 
and .029 
T1 + EBC % change difference: 
1700 ~ 2100 
T2 performance decreases 
and .504 
T2 + EBC % change difference: 
1700 - 2100 
* 
** 
.01 ) p ( .05 
p < .01 
"z" 
chance 
"p" 
+ .595 • 277 
- .105 0460 
.287 
- .945 • 171 
+ .175 .428 
- .105 .440 
-1.855 .032 
1-Tail 
Significance 
NS 
NS 
NS 
NS 
NS 
NS 
* 
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4.5 Discussion of.Results Obtained in Experiment 4 
Discussion Overview 
. Despite man's individual character it can.be argued that all his 
activities are influenced by three variables:- ( 1) the difficulty of 
·the tasks in which he engages, his abil.ity1 and the level of task 
performance required, (2) the duration of the activity, and (3) the 
environmental .forces impinging on him. 
In Experiment 4 1 variables (1) and (2) were closely controlled (see 
4.2.3, p.l53). Remaining variables that may have induced different 
physiological and psychological responses in Experiment 4 in the 
conditions T1 and T2:include: (a) lighting, (b) n6ise 1 (c) te~pera­
ture and humidity conditions, (d) visual surroundings, (e) individual 
differences between subjects and (f) variation in the physical charac-
teristics of the sedentary support-work surface configuration. 
·In the section ort the environment of the test enclosure (see 4. 2.4 1 P·l55 ) 1 
~,.,,means of control, and the effect it produced, for the ~subjects' lighting •... 
. ~ 
surroundings were given. The effect of lighting on man depends primarily 
on four factors: the spectral character, and amount of light, the con-
trast ratio and glare produced in the work area. These factors were 
within recommended ranges in Experiment 4. 
The recorded light levels during conditions T1 and T2 ranged between 
600 and 880 lux with a mean of 694 lux. The variation in lighting 
levels in the subjects• task area Has primarily due to natural daylight 
falling into the test enclosure. Furthermore, differences in work 
surface slope between the treatment conditions caused variation in the 
amount of light reflected from the l'IOrk surfaces. On average, more 
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light (45 lux) was found in condition T2. This was attributed to the 
shorter distance between the light meter and the light source when the 
former was on the raised portion of the sloped surface. 
Control of the light fixtures was not sensitive enough to make up for 
this increase in amount of light. Such control kept the average amount 
of light on the subjects• work surfaces very close to the ideal (i.e. 
645 lux). The slightly higher mean level of light (694) was compensated 
for b;l' the absence of glare, the even light distribution, and the illu-
minaires spectral quality. Thus it is unlikely that illumination 
factors influenced physiological changes in Experiment 4 (see Kaufman, 
1966; Edholm, 1967; and others). 
Factors in the visual surroundings such as the near and far surfaces, 
their texture, colour and reflectance were constant. These factors 
could not therefore affect. the results in Experiment 4. 
The literature indicates that noise can influence task performance and 
tl)e individual's _physiological responses. Broadbent (1958), Jerison-
(1959) and others report that a steady decline in mental efficiency can 
occur as the intensity of sound increases from 70 to lOO decibels • 
- Woodhead (1958) and Broadbent (1958) add that- irregular or sudden out-
breaks of sound (noise) can also adversely affect performance. Conse-
quently such disturbances were avoided and the sound levels in the 
subjects• test environment were maintained within limits in which task 
performance would be unimpaired. The mean sound pressure level in the 
A, B, and C frequency bands at 4KHz during treatment tests ranged from 
34 to 64 dBs·. The overall mean was 51 dB. There was only a mean 
difference of 2 dB between conditions T1 and T2. Thus noise was 
unlikely to affect task performance and other measured variables in 
Experiment 4. 
I 
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Nolan (1960) 1 Edholm (1967), and others indicate that high temperature 
and relative humidity, are detrimental to task performance and can 
affect physiological functioning. The measured temperature level 
0 between the subjects• ankles and their shoulders ranged between 18.3 C 
0 .. 
and 26 C for both treatments in Experiment 4. A mean temperature level 
The ·relative humidity ranged between 
29 and 62 per cent, ~<ith a mean of 44 per cent. 
There was some difficulty in keeping temperature· within the desired . 
range. The temperatures at different heights within the test enclosure 
were difficult to equalize. A radiant heat exchange problem occurred 
at times, due to the large windowed area in the laboratory. Although 
the outside surface of the test enclosure which faced this windowed 
area was highly reflectant 1 overall temperature shifts due to this were 
sometimes sudden and required correction. No extreme variations in 
temperature were allowed to persist. At least three periodic checks 
were made in each test condition for each subject. ·Nearly ideal mean 
tEmperature and relative humidity levels· were thus maintained.· The 
mean temperature levels in-conditions T1 and T2 _were nearly identical, 
at 21. 2°C and 21.6°C 1 respectively. Subjects' comfort responses (see 
Table 95 1 . P·291) to thermal conditions tend to confirm the effectiveness 
of thermal environmental control. Because temperature and relative 
humidity levels were maintained within a range consistent with .stan_dard 
comfort or "thermal neutrality" (Folk, 1960) 1 it is highly improbable 
that these variables could contribute to differences observed in 
Experiment 4. 
Individual differences between subjects, particularly Hith regard to 
those thought to influence measures in the experiment, were controlled· 
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in three ways. Subjects with deficient visual functioning in respect 
to: acommodation 1 vergence, acuity, astigmatism and occular muscle 
imbalance were eliminated, by visual screening procedures (see Table 22 1 
p.l84 ) • ~he maximum amount of accommodative visual deficiency allowed. 
<:cwas .75 diopter, which according to Sloan (1970), and Phillips (1973 1 ie. 
. . . 
optometrist who carried out the visual .screen) allows unstrained visual 
functioning. Particular attention was paid to eliminating subjects with 
uncompensated oocular muscle imbal.anoe. Any uncompensated muscle 
)T~)mbalanoe may be a potential stressor during a sustained visual. task. 
- - . -
X health questionnaire lucidating the subjects• past and present physical 
·. ::t.c.~ndition was applied to eliminate those with a physical or mental con-
di tion that might have influenced the experimental results. 
:::;;· ·.c::. 
In particu-
lar, subjects with conditions such as cardio-respiratory disorders, 
allergies, and biomechanic abnormalities were omitted. Thus all sub-
jects taking part in Experiment 4 were thought to be healthy. 
·;.~ !c.,.,;:,,,~~e-treatment controls pertaining to eating, sleeping, drug intake, 
- ,... " .-
-'o~,~ .. .=,, ·>~-::;-.. ~_::;:o:-~:--m-~-nstrual co:rldition a:nd amount and. kind Of physical act_ivity, 1vere 
--'-"'" 
''"" 
.. ·------' ---~ -
,·stringently applied and maintained throughout Experiment 41 in an attempt 
to reduce individual metabolic disturbances. (As an example, a subject's 
··'difference in EBC on his 2nd norm day was minus 90 per cent 1 compared to 
his 1st norm day between the hours of 1700 and 2100. Upon questioning, 
.·':it was learned that he had played 40 minutes of squash at about 1730 on 
norm day 2 • Consequently, the measures were retaken the folloWing day.) 
. Before subjects took part in Experiment 4 they underwent blood sampling 
by finge~prick. This was to minimize the chance that these procedures 
might induce anxiety, possibly later influencing experimental results. 
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Two seat-work surface configurations were provided. The materials, 
coverings, colours, support surface sizes, and, for the most part, 
support surface angles, etc., were the same for the two treatment condi-
tions. 
Only three real differences distinguished the non-ergonomic (T1) and. 
ergonomic (T2) conditions:- (1) angle of work surface, (2) cushioning 
of the support surfaces for the buttocks and back 1 and (3) configuration 
adjustment to fit the individual subject. 
Therefore in the ·1 ight ·of the elimination and control of the other 
variable stimuli, it can.be strongly argued that the results of Experiment 
4 were affected only by. the biomechanic interactions which took place 
between the subject and the sedentary support-work surface configuration 
he used. Any changes in subjects• responses between treatment conditions 
were thus considered to be a consequence of the three, purposely imposed, 
differences in stimuli between conditions T1 and T2. 
4.5.2 Discussion of the Blood Count (WBC and EBC) Results 
The results obtained on white cell blood counts (WBC) were, for the most 
part, encouraging. . An Overall WBC mean of 5565 per cu. mm. of peri- . 
pheral blood was obtained. WBC were found to have a range from 3140 to 
9560 1 with a standard error of:!: 173. Generally WBC are said to range 
between 5000 to 10000 per cu. mm. of peripheral blood for healthy adults 
(Diem 1962). Although three to four subjects in Experiment 4 maintained 
WBC levels slightly below the generally accepted range, their levels were 
relatively consistent within their own range, on all blood specimen, 
taking days (see Table 24 1 P·205). Thus it is tempting to conclude that 
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the WBC measuring technique in Experiment 4 1 as proven previously, was 
satisfactorily accurate, _in the sense that the values obtained >Jere 
_comparable to those typically found in the literature 1 (see Acland1 
1956; Oser 1 19651 and others). This claim is supported by the. 
subjects• _overall WBC mean- at different times in the experiment, as 
shown in Fig. 40 1 p.321). 
A further encouraging feature of the WBC data was that log WBC were 
:_significantly higher at 2100 and 1 ?00 than at 1330. _ On average the -
percentage change on norm days was positive between 1330 and 2100 (see 
-Fig. 41 1 p.322). This kind of overall WBC change can be expected in 
the course of the- late morning to late_ after:noon1 as a diurnal rhythm -
effect, and is in accord with the literature (see Diem 1962 1 and others). 
A somewhat disappointing feature o£ the data relating to WBC was found. 
On norm day 1 1 the ~/BC percentage of change dropped slightly between 
1 ?00- to 2100. This drop was not significant, but may possibly acted as 
_a--masking £actor in later norm and treatment day comparisons. _A dis-
appointing feature of the log WBC data obtained was that no signific-ant 
differential effect between days was £ound1 in particular between days 
T1 and T2 (see Fig.34 p.232). 
The log oiBC on treatment days followed a very similar pattern. In 
comparison with the norm days, as indicated in Fig.34 'I p.232 1 a neg&-
tive tendency occurred in WBC level in the 1700 to 2100 on both treat-
ment days. These results indicate that either WBC were not sensitive 
enough to indicate treatment effects, or if there were; no such e££ect 
occurred. 
l'lith regard to another feature of the WBC response measures obtained in 
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FIGURE 40. 
Experiment 4. The total means (each based on 60 values) and associated 
standard errors (SE) for (a) white cell blood count (•me), (b) eosinophil 
blood count (EBe) per cu. mm. of peripheral blood, and (c) urinary corti-
costeroid (17-S) material (mg/sq.m/hr) excreted as measured at different 
times. · 
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FIGURE 41. 
Experiment 4. Mean percentage change for fifteen subjects; white cell 
blood count (WBC) and Eosinophil count (EBC) per cu. mm. of peripheral 
blood and urinary corticosteroid (17-steroid) material (mg/sq.m/hr) 
excreted are sho'm for norm days 1 and 2 1 and for treatment conditions, 
T1 and T2. Percentage of change are for two sampling time periods; 
1330 to 1700 and 1700 to 2100. Each measure is sho'm with its approxi...! 
mate peak representative time (projected back due to response lag). 
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Experiment 41 difference in WBC percentage change, several significant · 
treatment effects were disclosed. These results indicated that there 
were significant differences in WBC percentage change (from that of the 
subjects' established norm) between the PRETEST PERIOD (1330 to 1700) 
and that of the TEST_ PERIOD (1700 to 2100 period).· There was a large 
negative· differenc~ in WBC -percentag~ of change (at 1 per cent level) 
induced by both treatment conditions (see Fig. 41 p.322 ) • Thus 1 if diffe- __ --
rence in percentage change can be taken to be an indication of systemic 
-change 1 then an adverse 1 evel of such change was indeed induced by both · 
· the applied treatment conditions. 
The exact cause behind such changes.is discussed further (see_P073). 
The above interpr~tation of the results is reinforced by the fact that 
·; . 
--the large, negative difference in WBC percentage change in the TEST 
PERIODS also was lower than that in the OVERALL PERIODS (1330 to 2100) 
on treatment test days. A possibly discouraging aspect of these 
· findinge was that_ WBC in the PRE TEST PERIOD for both the T1 and T2 
the norm. ·Although 
.. ·-- -----
this was not a significant' result,· -\;here may be several explanations for 
this pre ·test ·aeviati~n having occurred. The EBC results showed the 
same tendency. Both will be discussed in depth later (see p.330). 
As the results indicated subjects exerted a significant effect on 
differences in WBC per cent change between different periods of time; 
._,___ . 
As previously indicated, 6out-of the 15 subjects were-primarily res-
ponsible for this interaction effect. In part, this finding may be due 
to the influence of subjects• variations in body type, occupational back-. 
ground, sex1 etc. In other words 1 individual variables which were only 
partially controlled in the experiment may have had a significant influ-
ence on subjects• response to the purposely imposed test stimuli. 
323 
Because this· sort of result also sh01;ed itself in the other 2 bio-
chemiccQ indicants of stress used, further discussion of the influence 
of the individual's susceptibility to the test stimuli is given later 
(see p.38l); 
The difference in WBC percentage_ of change during the treatment .TEST-
PERIODS, tended (at .10 per ,cent level, of s,ignificance) to be opposite 
. . .. . - . . ., . 
to that observed for difference in EEC. percentage. change. This result 
is in accord with the overall higher WBC found on treatment days. It 
is thought that this· may .. indicate how much less specific WBC are in corn-'-
parison to EEC as stress indicants. This is in accord with. the overall , · 
natural defence a~d different adaptative functions of the various kinds 
of white· cells (l;).mphocyt~~) in th~ body. , ... · 
As .non specific indicants of systemic stress, it is probably fair to 
say that the lillC response to the treatment conditions imposed (i.e. on 
T1 and T2 .. test days) indicate that an overall state of systemic .stress 
·.probably was imposed in a large proportion of-subjeCts. This. claim was 
. . .. . -· . . . - .. - .., . 
reinf?;rced by the· tendency for the level of _WBC t() d:rop bel01; the estab-
lished norm and has been shown in Figs. 35 'and 4l I pp. 233 and 322 
The possibility th:a,tthe WBC .results, Jlarticularly ~hose relating to 
treatment periods 1 were due_ to psychological stress 1 can be discounted._ 
On the grounds that if this were so 1 . a significant rise in \illC count 
would have occurred in comparison to the norm (see review, p. 66 ) • · .. The 
opposite of·_this was found.· 
Results for eosinophil blood counts (EEC) 1 like those for the WBC 1 were 
for the most part encouraging. An EEC mean of ll2 per cu. mm. of 
peripheral blood was obtained. According to Best (1952, 1953) 1 the EEC 
median for healthy subjects is usually between 125 to 175 1 reducing 
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sli&htly with older subjects. Although the EBC mean of 112 1 . based on 
· 9c/values (each based on 6 to 10 de-terminations) ••as slightly lower, it 
_was well _within the generitlly expected EBC range of 40 to 500. for heal thy . 
. young adults (Diem 1962, and others). Reference to Table 35 1 p. 216 
indicates that out of the_ ~0 values, 8EBC means fell outside this range. 
These 8 deviant values 1 . expanded the observed EBC_ range 1 from 27 to 907. . 
··' . . . . + .. . 
Nevertheless, overall there was a .standard· error of only- 12.. The exact 
reason fo~ the 8 deviant values is unknown. They may have been due to 
some. extraneous stimuli, or abberation in diurnal effects in particular 
indiyiduals. It is thought, however, that the EBC data reflect a high 
consistency a,;_d ;,ccur~cy1 well ·within the range, and comparable to, 
tliose foun?- in the literature (Ac~and 1 1956)_. This claim is confirmed 
.,.by'the satisf,;_ctory accuracy _obtained ;i,;_ carrying out the EBC technique 
pre'\Tiously in Experiments 2 and 3 1 and also by the EBC means obtained -
for subjects_ at different times in Experiment 4 (see Fig. 40 p.321). 
A ··further s;;;~~rtive feature of t~e EBC data was that on norm day 1 the 
EEC percentag~s-cha~ge ·bet..;e~:ii 1330 and-1700 1 and-1700 and 2100 were 
__ ·,#': 
positive (see Fig.f;i ; p:322f. - -~-
. . 
The overall' EBC _for these times_. (1330 1 
1700 and-2100) on n~im dais ..;ere 95, 99, and 11. This is in agreement 
---.-
with. the direction ~nd magni tudeof data typically quoted in the litera~ 
. . . . 
-ture for changes between 1330 and. 2100 (Os er 1965 1 . and others)'. This 
sort of positive change in norm day.EBC 1 is a diurnal rhythm effect. 
This "norm day" EBC pattern was tho~ght to be hi{;hly representative since 
. . . -
there were no significant differences between EBC on. norm days 1 and 2 
-at different times (see Fig. 41 1 p. 322) • Therefore, norin days were con-
sidered effectively equal in terms-of EBC. 
Two unexpected features of the log EBC data were obtained• EBC on 
treatment days were on average higher than on the norm days. Further-
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more, no significant difference in log EBC was found bet~<een treatment 
days. The reason for higher EBC values being obtained on treatment 
days (see Fig. 34 1 p.232) may be similar to that explaining a similar 
effect for log WBC. This will be discussed in depth later. It may be 
said that these phenomena ~mre possibly a result of an activation of 
the body's natural defence mechanisms 1 i.e. part of its "General Adapt a~ 
tion Syndrome" in response to condition of systemic stress. Although 
not significant the higher pre-test, log EEC observed at 1700 (i.e. 
approximately 1300) on treatment days, from that observed on the norm 
days may have reflected more accurately an earlier stage in the treatment , 
test. With respect to the higher EBC treatment day values, particularly 
those observed at 1700, there is a 33 per cent standard diurnal variation 
(Acland 1956 1 p. 462) for EBC values obtained on different days. Mean 
log EEC for both T1 and T2 test days were within this range. Encourag-
ingly, the 2100 (post test level) EBC log values were lower (at a 15 per 
cent level of significance) on both T1 and T2 test days than the mean 
EBC log values obtained at 1700 (i.e; pre-test level). 
The differential effect indicated in the log EBC would be expected if 
indeed systemic stress was induced in a majority of the subjects. As 
results indicated, there were significant individual differences in EBC 
response between 1700 and 2100 (i.e. not all subjects underwent a 
negative change). Thus to some extent this may be the reason for the 
low level of significance recorded. 
With regard to difference in EBC percentage change, one outstanding 
treatment versus norm day effect was disclosed in the results. According 
to the literature, if EBC is to be used as a good indicator of systemic 
stress, and, if the treatment conditions as purposely designed in 
Experiment 4 induced systemic stress in subjects, then it would be 
expected that on treatment test days 1 particularly during the condition 
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TEST PERIOD, there would be a substantial drop 1 i.e. negative change in 
EBC, as compared with the nom. This result was indeed obtained. On 
average, the subjects· underwent a 42 per cent difference in EBC percen-
tage change during the treatment TEST PERIOD on T1 condition days, as 
compared to their nom day. For the corresponding period on the T2 con-
dition days, the difference in EBC percentage change was -43 per cent. 
In the literature, according to Thorn (1948), Best (1952) 1 Diem (1962) 1 
Hortling (1964) 1 and others; it is held that evidence of systemic stress 
is substantial when a -40 per cent difference in EBC percentage change 
occurs. As results in Table 46 1 p. 225 indicate, the majority of subjects 
involved in Experiment 4 underwent a negative EBC difference in percentage 
change during the T1 and T2 TEST PERIODS. It seems fair to say that the 
treatment conditions (T1 and T2) imposed a substantial systemic stress on 
the subjects. 
The fact that the OVERALL PERIOD effect between 1330 and 2100 on treat-
ment test days as compared to the "norm day" was in the same direction 
as given above was encouraging. Although this >las not a significant 
effect there was a clear difference between the T1 and T2 conditions. 
For T1 the difference vras -40 per cent. For T2 it was -8 p<>r cent. The 
possible causes lying behind this difference effect will be discussed 
later. 
Discussion is required in the light of the results in Table 50 1 which 
indicated that female subjects (4 out of the 15) under"ent a greater 
·amount of systemic stress, in both treatment conditions, than the males. 
However, no differential condition effect was found to occur between the 
sexes. Both males and females responded effectively in the same way to 
each of the conditions T1 and T2. In the OVERALL PERIOD of time, i.e. 
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bet1<een 1300 and 2100, females seem to have responded to condition T1 
more strongly, exhibiting greater stress (see Table 50, p.228). 
The reason for females sho>ling greater stress effects in both T1 and 
T2 needs to be examined in depth: particularly since results indicated 
that during the PRE TEST PERIOD both sexes were effectively the same 
l<i th respect to their difference in EBC percentage change from their. 
norm. 
Besides the effect of other individual subject variables such as body 
type and occupational background were found to be related, to the degree 
to which adverse systemic responses were exhibited. As an example (see 
Table 102, p.303) on condition T1 and T2 days, during the TEST PERIOD, 
there was an overall high probability that subjects from non-sedentary 
backgrounds had a greater stress response than those from a sedentary 
background. Other such interrelations were uncovered in later corre-
lation tests. As expected results in Table 102, p. 303 indicate that 
subjects responded in a similar manner in terms of systemic stress to 
conditions T1 and T2. This indicates consistency in results from the 
two types of blood measure taken, and confirms the belief that individual 
physiological differences played an important role in the degree to 
which the stress response occurred. 
These results may indicate that common stress stimuli, elicited the 
same bodily responses in subjects in both conditions T1 and T2 despite 
differences between these conditions. 
There was some evidence, on both treatment condition days, that the 
subjects with the greatest stress response during the TEST PERIOD also 
had the greatest EBC percentage change increase during the PRE TEST PERIOD. 
. ! 
This result was particularly true on days on l·Jhich condition T2 was 
applied. These results again suggest the possibility, based on the 
Literature Review, that the greater the imposed systemic stress in a 
particular subject, the stronger was his "natural defence" action, and 
reaction. This possibility was reinforced by the very large, and 
otherwise unexplainable increase in EBC percentage change in female 
subjects in the PRE TEST PERIOD on the day on which condition T2 was 
applied (see Fig.36 1 p.234). In both treatment conditions there was 
a high probability that sex was a significant factor in determining the 
degree to vfuich systemic stress (in terms of difference in EBC percen-
tage change) occurred. The exact reason for this result is not known. 
Further discussion will be directed to this ,phenomena. 
Supportive evidence relating to the cause of systemic stress in condi-
tions T1 and T2 1 was found by another rank correlation test (see Table 
101 1 p;299). The order in VJhich subjects fell in terms of systemic 
stress as measured by difference in EBC percentage change betVJeen 1700 
and 2100 during the TEST PERIOD and in terms of their metabolic .rate 
(kj/sq.m./hr.) VIas very similar on the day on which T1 was applied. In 
addition, on the day on VJhich T2 was applied, this same relation was 
evident. This suggests that there VJas.relation between the factors 
which make up and determine metabolic rate, and subjects• adverse stress 
or GAS threshold (see review, p.46 ). This tends to confirm the author's 
belief that biomechanical restraint, as imposed by static postural body 
support conditions, upsets the systemic homeostasis of postural muscula-
ture particularly those tissues involved in energy processes. This in 
turn evokes increased corticosteroid secretion which VJill be discussed 
further, on P•379• 
329 
The validity of the blood count measures, as carried out in Experiment 4, 
was thought to be acceptable. Results were in the bounds for such 
measures as quoted in the literature. As previously described, the 
standards for judging the EBC and WBC changes as adverse were taken from 
established biomedical literature. 
Two unexpected results on blood count measure, as pointed out earlier in 
the Discussion, were obtained: ( 1) there were higher WBC and EBC levels 
on treatment days than on norm days, and (2) large positive differences 
in EBC percentage change, as compared to the norm, tended to occur in 
the PRE TEST PERIODS on test days, particularly on T2 7 and particularly 
in female subjects. 
These two unexpected phenomena deserve further examination. In particu-
lar, discussion on these two points seems to be warranted to determine 
whether they are indicative of any neural stress, i.e. hyper activation 
of the autonomic nervous system, due to psychological stress of some 
kind • 
. The WBC and EBC values obtained. were, on average, higher on both treat-
ment days than on norm days, but not significantly so. However, the· 
difference in WBC percentage change between 1330 and 1700, against the 
norm day, was significantly greater. The amount of response lag allowed 
for the WBC and EBC was nominally 3 to 4 hours. Thus it may be argued 
that blood specimens taken at 1330 and 1700, represented the peak peri-
pheral blood corticosteroid titer change someWhere between 0930 to 1030 
and 1300 to 1400. The 2100 hour time of specimen taking could repre-
sent a peak response change somewhere between 1700 to 1800. 
The EBC results obtained reflected the same overall pattern through time 
as the WBC. However, for these measures, values at 1700 and their 1330 
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to 1700 differences in percentage change were significantly greater on 
treatment days than on norm days. 
According to the Literature Review, see p. 69 1 a significant discharge 
of adrenaline (epinephrine) at nerve endings could instantaneously 
increase the level in circulating WBC 1 possibly including the EBC. 
Al ternatively1 a significant increase in adrenaline secretion by ~<ay of 
the adrenal medulla could affect these counts. For example, it could 
be argued that psychologically mediated neural stress may have increased 
the secretion of adrenaline. Because it also can control processes 
involving energy expenditure, it could have affected the utilization of 
the glucocorticoids in the blood and in turn reduced the eosinophils. 
This means that the measured drop in eosinophil count, the basis of the 
stress response measure, could have been caused indirectly by neural, 
rather than systemic stress. 
The above was believed not to be the case in the treatment condition 
tests because the greatest portion of the nerVous system's effort involv-
ing its parasympathetic division goes into inhibiting bodily functions. 
In other words 1 the nervous system works very hard to subdue stimulating 
factors rather than the reverse. The main agent for such control is 
noradrenaline, typically released at four times the rate at the nerve 
endings than adrenaline. The Literature Review (see p. 67 ) indicated 
that noradrenaline has little to no effect on either corticosteroid 
utilization, WBC or EBC in the blood. 
Although subjective responses were considered by the author to be weak 
for evaluation purposes (see Table 105 1 P·312) 1 it can be argued that 
if an extremely upsetting neural stress had been induced by the task, or 
anxiety, etc. 1 it would probably have been reflected in the reported 
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subjective responses. This was not the case. From results found in 
Table 95, p.2911 only fifty-three per cent of the subjects felt uncom-
fortable after the treatment conditions T1 and T2 were applied. Thirty~ 
three per cent felt mentally fatigued, and only twenty per cent reported 
feeling physically tense after 3 hours at the task. It seems plausible 
therefore that, if anything, the parasympathetic division of the nervous 
system was most active during the treatment conditions. This was thought 
to be the case because of the restorative processes it can influence. 
It is improbable that the sympathetic nervous system was hyperactivated, 
and thus influenced the biochemical experimental results. King (1969, 
p. 131) indicates that:, 11 the sympathetic division of the nervous system 
is primarily the emergency mechanism of the body which is brought into 
action by conditions that call for unusual effort on the part of the 
body to perform work or resist change. In such crises the sympathetic 
division of the nervous system is stimulated, and due to its secretary 
fibers to the adrenal glands, the hormone adrenaline is released into 
the blood. 
.:.. .. -
As indicated in the Literature Review (see p. 54 ) , adrenaline does riot 
play a significant part in the stimulation of ACTH secretion, and thus 
, it is urilikely that during the sedentary task conditions found in this 
experiment that this hormone influenced the corticosteroid titer in the 
blood. 
It is possible that two combined effects occurred on the treatment 
days 1-Jhich did not occur on the norm days. Good (1973) has shown that 
when tissue irritants (antigens) are detected, the WBC, including the 
EEC, are immediately stimulated to multiply. This antigen action is 
said to be stimulated by the build up of chemical 'irritants within the 
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organism. In the case of conditions T1 and T21 chemical irritants 
were possibly produced by the sustained, static biomechanic activity, 
which continued without relief (see further discussion, P.384). Such 
possible antigen action on the WBC in the treatment conditions is 
believed to have occurred, its effect varying with individuals' past 
exposure, conditioning and sensitivity to such "tissue irritants". This 
is in accord with the results showing a strong tendency for non-sedentary 
and female subjects to develop the greatest systemic stress response. 
The natural defence and immunological antigen action argument is thus 
reinforced, because there was a high probability that the subjects with 
the greatest 1330 to 1700 rise in EJ3C also had the greatest EJ3C drop 
~during the 1700 to 2100 ~or TEST PERIOD,~ rather than the opposite. 
The WBC multiplication argument, as indicated above, was supported by 
the correlation test result that as subjects•WBC change between 1700 and 
2100 tended to increase, their EBC change between the same times tended 
to decrease. This result is understandable, since the eosinophils 
selective action, as reviewed, would cau{'le them to fall 1 while the 
organism overaJ.l attempted to increase its resistance "stores" by increas-
ing its overall WBC protection. Neuromuscular activity possibly 
increased as the amount of is6metrictension increased, whilst subjects 
experienced conditions T1 and T2. Substantial increases in neuro-
muscular activity are thought to increase histamine secretion, which 
indirectly could have affected eosinophil s 1 because it can cause dilation 
and increased permeability of the capillaires. 
Limited increase in adrenaline may have occurred in subjects undergoing 
a substantial increase in neuro-muscular activity. Thus it is thought 
that adrenaline could only have influenced the peripheral 1mc and EBC 
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values measured in a synergistic manner, particularly because systemic 
stress is directly mediated via the blood circulation and not the 
nervous system. Literature indicates that a substantial rise could be 
expected in WBC during such a stress situation. After severance of 
the pituitary stalk, the ACTH secretion still can be influenced by 
injury to tissue (Diem, 1962). In conclusion, it seems fair to assume 
that the abberant results obtained on WBC were due to factors correlated 
to systemic stress. 
"4·5·3" Discussion of the Urinary Corticosteroid Results 
•. 
The results· of "the urinary corticosteroid determinations were both 
encouraging and discouraging. It will be recalled, this measure was 
recommended (Diem, 1962) as a measure, somewhat inversely related, to 
the blood count measure. The viability of this and of tl:ie author's 
ab;ility to successfully carry this measure out were shown in Experiment .3~ 
Tne overall, mean amount of urine excreted per 24 hours by subjects on 
norm days was within the amount found typically in the literature (Diem, 
1962 1 and othero). The overall mean amount of urinary corticosteroid 
(17~steroid) material excreted per 24 hours on norm days was on average 
unexpectedly high at 43 mg per 24 hours for females, and 50 mg for males. 
Hhereas the commonly found 24 hour median is normally between 8 to "25 mg 1 
and slightly less for females. However, this is specifically for 17-0HCS 
material and may be the difference is the difference in specificity. 
The exact reason for this overall, amount of corticosteroid material 
excretion between the Clinton test used (see Appendix 7 and 8, PP.414 and 
421) .in these experiments and the tests reviewed in the literature. 
Further discussion will follow, in the mean time it can be said that the 
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measurements were relatively consistent for all subjects, in all 
experiments. Results indicated that there was an overall mean of 1.11 
m~sq.mjhr. of 17-steroid excreted on norm days and 1.15 m~sq.m/hr. on 
treatment days, i.e. between the sampling times of 1330 and 2100 (i.e. 
approx. 0930 and 1700). According to the results on Table 57 1 p. 238, 
the calculated 17-steroid weights for individual subjects tended to 
follow a similar pattern for each day. Results of variance analysis 
reinforce this observation (days were not significant). There was a 
wide distribution between mean 17-steroid values obtained for uifferent 
subjects. Interestingly, the skew of these values was very positive 
(see Fig.38 p.246). This skewed distribution was in fact very similar 
·.to that found for the EBC and WBC values. 
Although no example of applying log values to widely distributed urinary 
17-steroid raw data was found in the literature, handling the data in 
this manner was considered appropriate since the same sources of varia-
tion between days,· subjects, etc., that influence blood measures also 
· · applied to the urinary 17-steroid measures. 
"'---~"_ ... 
Because plasma levels of free corticosteroid (17-0HCS) are considered a 
direct measure of the hormonal·environment to·w~ich the tissues are 
exposed at any given time, . ".;. the rate of excretion of the conjugated 
compounds in the urine are only an indirect reflection of the hormonal 
environment. " (Migeon, 1956). Also the rate will be delayed in time 
and involve a series of intermediate reactions by which the .hormone 
becomes inactive. Thus it was thought that the log transformation 
helped to pull the distribution of values closer together for what can 
probably be accepted as a more normal representation. 
Results from the analysis of variance of the log 17-steroid values 
obtained in experiment 4 indicated that other than subjects,. only times 
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exerted a significant effect (at 1 per cent level) on the excretion of 
17-steroid material. It was disappointing that days did not do likewise, 
in the sense that no log 17-steroid value difference between norm and 
treatment days was found. This was the case, it will be ·recalled, for · 
the log EBC. The overall differences in times are best illustrated in 
Fig. 4b , p.' 321, which ~uggests that these were inversely related to the 
blood values' thus helping to substantiate the belief that oruy the 
absolute values, and not the order of magnitude (i.e. the comparative or 
proportionate .character of values (x) time) of 17-steroid were distorted· 
by some kind of .error. The overall pattern of change for 17-steroid 
excretion, particularly on norm· days, was. within that expected according : 
to the literature. This pattern >1as. also reinforced by diurnal patter~s . 
. . ' . --
for 17-steroid in Experiment 3 (see Figs.15 tol7, pp. 130 to i32). 
There may be some underlying importance to the curbing of the 17-steroid 
material excretion during the TEST PERIOD (1700 and 2100), which was in 
contrast to the otherwise downward pattern indicated b~ the values 
obtained. 
Although .there was no s~gnificiant difference between days, breakdown 
of the mean urinary corticosteroid values obtained, see Fig. 34_ ; p.232 at 
different time ·indicates that between the sampling times of 1330 to 
1700 on the "norm day" and treatment days (T1 and T2), these values 
changed in the same direction • 
. ·.A variance analysis of the replicate 17-steroid material values was 
carried out, using the geometric rather than arithmetic means. For 
comparison purposes, i.e. with the blood values, the biological varia-
tion between periods of time, expressed in terms of percentage change, 
was used (later in correlation tests, the amount of urinary corticosteroid 
material excreted was analysed in relation with the difference in EBC 
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percentage change. This 1-1as in accord with Hill (1956), Migeon (1956) 
and others)~ 
Results of the 1 {-steroid response in terms of difference in percentage 
_ -;': ,:_:_q]1ange were disappointing in the s ens·e that they were consistently 
_- ~~·'ici.:.erat -21.6 and -21.5 per cent on T1 and T2 test day from the norm 
- ' •'-days (i.e. with the use of a 4 hour response lag) on the treatment days. 
shown in Table 64, p. 25:1, and again in Fig. 35, p. 23~ graphically, 
---~-~-~"; 
-' 
--· -·~ ther~ -was very 1 i ttl e difference in the subjects' response between 
_ ~-·treatments at .the different periods of time. 
,;~::;::-- ..: .. ::; ,,_ >:;, ;,·._;·;_.,:,:_._;_ .. ~-- . . 
;~; -' :~~·t~',1I~:::.43 per cent difference in 1 '7-ste·roids 
In particular, _there was 
percentage.change on T1 and a 
'-'-'" ' ' :";',!:'~lightly greater -56 per c~'ut difference 
' -~---~- .. ;·. ~-.:,~_:.;:: . ' ' . 
on-T2. There was no signifi-
c.~ ."". .' 
-cant effect exerted by days, as indicated by the variance analysis on 
this data. This is also in accord with differences in the EBC percentage 
'"-''-~~ange analysis of days. However, as with the EBC, there were signific-
~s~·J:-i-:ci'~~~~~i-- -~ifferences between_ periods of time, for the difference in 1 7-steroid 
~#f:·~~£~~:~~~~:f.centage change • 
. :f=,:"-:~.:;.~~---_,~~;:_·::~-w~4(§~- :_ 
-7'2-:"':·· . .c;o.;....o..-c..;.,:;..o...-.;,~'"'=-o 
'~;:;L(f~·~f?~21ii;ing the 1700 to 2100 hour sampling periods, on both T1 and T2, 1'7-
:;··-., -··· 
'-~"''-'" -_;;~.\cJ)~~~roid response moved in an-opposite direction to_ th~ norm days (see 
This same kind of opposite treatment and norm day 
response pattern, during the test period occurred for both the EBC and 
-· .. 
, ... ::·:_,vmc measures as well • Using the minimum (see Appendix 7, p.414), 4 hour 
_•:o·.--c· 
·.·--.z. 
::..::..-> 
. . : ... '-.·--..' 
··, .·c-~···' . 
-";;_.::,:r;EO)j3POnse lag, for 1 {-steroid material excretion and EBC and WBC as. well, 
.,-;:~-- ., 
"-· .·· -- .... -, •' 
-_does not give a clear indication that these measures were related 
inversely. However, this was probably due to not having allowed enough 
time for response lag difference between the two measures. This issue 
will be discussed further (see p.345). 
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Results of Table 66 and 67 indicate that there were significant 
differences between the pre-test, test, and overall periods. With 
respect to EBC and WBC results obtained in Experiment 4 1 a positive 
change again:3t -the norm would have been expected by such analysis. 'This · 
was not the case. Again, this unexpected result may have been caused 
by allowing only a minimum 4 hour response lag. 
As v/as expected because of wide variation between subjects, particularly 
~t different periods of i;im~ 1 there we;e sign,ificant· differences in per-
centage change between periods for. four of the 15 subjects.- ·One subject 
in-particular (i.e •. 2) was found to have very abberant excretion of 17- · 
steroid material. No· commonalities between these four subjects was 
· c]'ound; ·'i.-e. in terms of s~x 1 EBC stress ·ind1cation1 and occupational -
background. 
The urinary 17-steroid results· on their own do not give a clear indica-
tion that systemic stress occurred~ No significant inverse relation 
>~with the blood response measures was evident.- . However, there was some . 
.; :~ ~:·_ ·• '. 
---~::._-::::-::::::-.:..::,-.. .:.::.:~--·.;;o. -~' ' . . 
.:·_::.-:.::c::::Cevidence that these measures were reversed for some subjects during ·· 
: -'·''~~ATMENT PERIOD on ·condition 'test days, i.e.· with respect i;o their n<lrm 
:-···;;_day response. · Sec.ondly, although pre'-i;est pe'riod1 17,.-steroid material 
- excretion was on average larg€ir than at the end of the testing period, 
this was not significant. 
Resul-l;s of the rank correlation tests as shown in Table 102,.· p. , were 
both encouraging and discouraging. Discussion of the four test ·results 
which were found to be almost significant, at the 5 per cent level, 
indicate why. Evidence that subjects fell in a similar order, in terms 
of stress measured as differences in 17-steroid material excretion and 
l'ffiC percentage change, between 1700 and 2100 (i.e. TEST PERIOD) on days 
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in which condition T1 was applied, were somewhat expected. This 
correlation test was carried out on the same corresponding measures, 
and times 1 etc., for condition T2. The results were found to be 
similar 1 although les-s supportive as evidence (at 17 per cent level) • 
It_ may Well be that WBC change and 17-steroid level changes in the blood· 
(i.e. as indirectly indicated-in the urine) were more inversely related, . 1 
when compared in terms of-difference in percentage change, than the EBC. 
This may _be ·so in . tlia:t .WBC reflect the_ more·. non-specific natural defen?e 
responses of the body to stress,. whereas EBC are more specific (see 
·. revie~<1 p.6Q.). Again the possibility. that using the same, i.e •. minimum 
4 ·hour response ~ag 1 for urinary 17~steroid and EBC was .not fully adequate.· 
.It.now seeins that ashorte.r_EBC response lag1 .i •. e. 3 hours rather than 4 1 
.., -. 
would have been better. 
The same tendency as indicated above, i.e. subjects fell· in a similar 
order of response_was found_in terms of stress measured as differences 
'. -.. - - ' ·- .. , ... ·. .. ' ·- .. 
in 17-steroid material excretion and EBC percentage change, between ·1700 
.· . ~ - . ' . . 
:0:~-~:- a~d 210() (i.e. 'J'ES~ PERIOD) on days in which condition T2 occurred. This· 
------.. --~,~·""'\ ..•. -., .. --·--·•"• ... ., ... , .. ,. ·-· "'' -·· ----- ··. ----- ., . 
te~dency was al~o ;:v~_dent ~n d<:-ys on. wh~ch:-~?ndition T1 was applied, but 
was not ~.(.';:·strong. These were encouraging results·. Their underlying 
importance was that:-:. (a) they reinforce the author.•s belief that steroid 
measure was reliable as a supportive measure to the EBC stress response 
results; _(b) substantial random error had not occurred in. determination 
of the steroid measure. 
Another encouraging aspect of these correlation tests was that in the 
OVERALL PERIOD (1330 to 2100) on condition T1 days, differences in 17-
steroid material excretion and EBC percentage of change were opposite. 
The same evidence >1as not obtained on days on which condition T2 was 
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·applied. In part the reason for this may be that less systemic adap-
tation, particularly with respect to a stress response during the TEST 
PERIOD, may have occurred in T2 and less of an inverse relation demon-
strated. · 
Overall.: .in- the light of. correlation test evidence given in Table. 102~. 
. . 
p. 303, itmay be said that only duiingthe 1700 to 2100 period of time 
(i.e. TEST PERIOD) when ~ondit~ons ~1 and T2 were applied, w~s there 
some consistent evide;ce that subjects• ·order of stress response. (i.e. 
in terms of change in urinary lf.:..steroidmaterial excretion, in opposi-
tion to the· nom> day for the same period of time) occurred in unison 
with refjponse changes in EEC (s~e Fig:4i ; p.322). '.Based on the previous· 
discussion, it i~ fel.t that the lack -of diff~rence i in. sampling times, 
. between the 17-'-steroid and EBC measures were primarily responsible for-
the poor inverse relation between these measures in this period. 
Both correlation tests. on T1 and T2 in which the amount of 17-steroid 
material excreted by subjects at 2100 (i:e •. repre-sentative of approx. 
---· '~'. 
1700,· assuming a .4 hour response lag)· were'found to be_ related, although 
not significantly, to. the difference-in 'EEC percentage change for 1700 
to 2100 (TEST PERIOD). There was a 77 per cent probability that this 
occurred in the T1 and a 63 per cent probability in the T2 condition 
test periods~ This is weak, but consistent evidence. 
If systemic stress response, i.e~ abnormal high corticosteroid titer in 
a large number of subjects, occurred, and if a significant EBC indication 
of systemic stress occurred, then such an inverse relation would be 
expected, according to Diem (1962), Hortling (1956) and others. .This 
was the case. The reasons for the lack of its significance will be 
examined further. 
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As mentioned during the Discussion of the urinary corticosteroid 
resul ts 1 two major, unexpected phenomena occurred, which at first ~;ere 
difficult to explain: (1)·what.was the underlying cause for the high 
urinary corticosteroid values, and ( 2) why were the obtained. inverse cor--. 
rel-ations, ~orboth T1 and T2 1 between subjects• 17-steroid material 
·excretion and difference~ in EBC percentage of change, during the TEST 
PERIOD, not significant. An in depth discussion on these phenomena 
· foilows. 
The valid:i.tyof the .urinary corticost~roid (17-steroid) results obtained 
·in .. experiment A ~Vas. examined.· According to the "Clinton" technique for· 
the determination of "ur:i.nary17..:0HGS" 1 the normal adult usually excretes 
. " .... - . - . 
the following-amounts of thi~ particUJ,ar, ho~one per day; .. females 5 to 
·18 mg and m8les' 8 to 25 mg. In Experiment 4 the·. female subjects excreted 
an average of 43 mg and male subjects 50 mg 1 of 17-0HCS compound per norm 
day. As indicated in the Literature Review, normally 5 to 60 mg of 
cortisol (hydro~ol'tison~) the ~C>st ·. po,;,erfUl' and dominant corticosteroid 
So it seems that instead of 
- ; _-,_._ 
ootaining the .1 7...()HCS (h;d-;.5xycorticostel'oid1 a specific or pa;ticular 
' . 
glucocorti~;,id, anoil ~pecifi~ measur~ of the total cortisol, gluco-
~-- --, . 
. .... , ... 
The exact ·reason·is not'certain 1 how-
ever· based on the character of the unexpe~ted values obtained it seems 
that either: (1) the urine conjugate reducing procedure, or (2) else the 
Clinton reagent ,process, or.bo~h 1 were at fault. 
Tofind out about (1) 1 a comparative test was set'up with the Clinton 
hydrocortisone; with regard to the standard values that ~;ere being 
obtained, and another manufacturer's (Vister) hydrocortisone standard 
material was procured (see Fig. 24 , pJ. 70). Two sets of standards were 
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made up to 21 mg per 100 ml. This was done to determine if either the 
hydrocortisone supplied by Clinton had deteriorated or if the procedure 
was_ in error. ·The result of the test 1 after both standards material 
_ were equally treated, indicated that the Clinton standard was• weak and _ 
possibly .near its expiration date 1 cir al ternatively1 it may have been 
. . . . ' - -
less specific. ·.Although both ~traight line. regressions of .the t~o sets 
of standardspassed throug!l theorigin (see Fig. 42 1 p. 343)1 the. Clinton 
standards were much lower than_ those of.Vister. 
. . . . 
·As indi~ated by th<:< comparative test of _the_ diffeient manufacturers' 
standard material,_ a· definite di~crepancy in Clinto:n: material existed. 
The indication that_ the Clinton standards material_ was weaker than should 
be suggests that by using the lower-than-normal standards, the comparative 
.. ' . .• . . -· -·- . 
optical densityread{ngs of the urine samples (i.e. the indicati.on of the 
corticosteroid. concentration) were made- larger than they should have been. 
Thus it can be seen from the calculation in Appendix 10 1 _ pJ-!25 how higher-
than- normal urinary corticosteroid values were possibly caus-ed. This 
·possibility is. confirmed by .. the.fact_~~~t in.Experiment 3 reasonable 24 ·I 
hou;-;;;i"u~ry corticoster;ici ~:JCc;~ti;n .val;;~~ were ;bt~i~ed (~~;; p.l33). 
The only procedural ·difference ,that _ oc,curred. between Experiments- J and 4 
l<as that an entirely different samp1e,of c·orticosteroid 1 standards 
material was used. 
Therefore, if the above was the case, the Clinton technique measure~ 
--
17-0HCS compounds specifically but because of the weak standard ·values, 
calculations were high. This result justifies the author's caution in 
referring to the urinary corticosteroid material as 17-steroid which is 
less specific, rather than 17-0HCS. 
On a later date a different comparative test was carried out, with respect 
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FIGURE 43. 
Experiment 4. Optical density plotted against corticosteroid standards 
(with best fit straight lines) as were obtained with the material supplied · 
by two different manufacturers •. 
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to above, by the biology technician, in the Department of Ergonomics 
and Cybernetics. His test results also indicated that the Clinton 
technique was producing high values (he used part of the same-sample of 
Clinton standards as was used in ExperimECnt 4) 1 but he "produced a 
. different possible explanation. 
. . 
. . . 
The Clinton technique was. tested ·against th~ Norymberski (1953) method. -·· 
·As a result the tetrazolium blue ~xidizing agent used_ in the Clinton 
.;_·. 
· technique was found to be 1 ess spedf'ic · than Norymberski' s sodium:-tetra- . 
hydro-boride (Na:Bh4) reducer.· ·For this _reason the Clinton technique 
was possibly a better measure of all the major types of hydrocortisone 
·.compounds while the Norymbersk:i technique measured just· the 17-hydroxy 
- ' .. ' . - . - ·. . '' .. -·' - -·· --- ·-- . - ' ---- .·. 
group. 
A duplicate set of ei-ght urine samples taken during Experiment 4 were 
analyzed at the Derby Royal Infirmary Clinical Biochemistry Laboratory 
The hospi tal•.s values for the urinary. -
. ··--' ' . . -•,.-- . -
. corticosteroid material excreted were. again, _much lo>rer than the. samples 
... __ ,__ --~-
.· a;_,alyzed-by the Ciinton techn:iqile •. · .. _:fl:;wever, each set .of values were :in 
an almost· identical relation, i.e. in terins of similar proportions.· 
between values in each set. -Very: similar results were obtained when 
analyses- were repreated by this method in our own laboratory. This 
supports the author's claim that .the Clinton technique was carried out 
. - - . . : 
properly in Experiment 4 1 . and iri turn th~ val~es obtained could still 
be.used to reflect systemic corticosteroid titer·changes in.the 
subjects. In this study the absolute results are not i~portaht; - the 
order of magnitude and the relative change between conditions are 
important. Therefore the results are valid. 
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The .exact reason for the insignificant inverse relation between differ-
ences inEBC percentage change and the 17-steroid percentage change for 
the overall period on treatment days confirmed this. Several reasons 
may be advariced why a more statistically significant .relation did not 
occur.· 
The literature Review indicated that aproportional fall in circulating 
EBC will occur,. in time (i.e. response lag) with rise in the systemic 
·level· of corticosteroid, It also indicates that this proportionality 
·is somewhat 9-iminished when measuring.urinary rather than·plasma corti-
.. . -· ' . . .·.·":;.-. ' .:.. ... . .· . 
. 
· costeroid against the difference .. inEBC percentage change. Statistically 
. ' .. . . . ' " ' ~ ' . ·. . . . . . ' . ,_ " 
significant,. inverse correlation betwe<:m, these two indices is said to 
occur (Hortling1 1964)only when ACTH secret~on (ato~above 25 to 30 
units per 100 ml 1 and thus involving significant hyperaotivation of the 
anterior pituitary-adr~nal cortex axis) .:i.s induced. Below this threshold 
there is an increasingly large variation in EBC response to changes in 
~rinary corticoste'roid (17:...0HC's ill partiCular'-), 
"- .:.-.-
. Be'Cause the. cor:ticosteroid measures used in Experiment 4 were tak.im via 
urine sampling,, and beca;use only 43 p~r cent of the subjects in th.e 
--·· ..,. 
treatment."tests und.er"!ent a -40. .P€l:r cent'.drop iri difference in EBC per-: ·· 
. . - - ' - : " -~ - ,.- ' .-- . ' . - . - -- . 
cent age eha~ge fro~ _thei~. norm (such a drop ~~s ~eview~d to correspond · 
to approximately 25units.increase in.ACTH secretion), it can be deduced 
that a statistically significant, ;inverse correiation was unlikely. under 
these ciroumstimCEis • 
. FU.rtherrriore, aminimum 4 hour urinary steroid lag had. to .be used '(see 
Appendix 7 1 p.414). Peak urinary corticosteroid response lag is thought 
to be around 6 hours, rather than 4 hours. In fact, in sedentary condi-
tions 1 urinary turnover rate was probably slower as well. 
345 
·' . 
.I 
. ... I 
, Migeon (1956) suggests that a 5 hour response lag period for urinary 
analysis is best. . He argues that· n ••• there is generally a 3 hour 
lag time between peak values for plasma l 7-0HCS and other plasma con-_. 
stituents in having metabolic effects. _ While there is another, 
approximate 2 hours lag between peak plasma 17-0HCS and the highest .. 
. rate· of its excretion· •.. 
. 4. 5.4 Discussion of the Visual-Postural Behaviour Results 
··--
As results in Table 69, p.. show, subjects were,· for the most part, 
provided with much fuller/sedentary posturai body support in condition 
. ... - ", - . - . . . . . 
T2 than in T1. -~.-.In pa~tici:tia,;;; more thigll/buttook and upp;r't_Iytik,:·:· 
- . . - --- •" '--
support were provided ~~r s~bjects 1 . following ergonomic reccimmendations 
and standards given in the literature (see Table 16 1 p.l50). The ,;_se · 
of the 20 degree work surface was thought to be a major factor, along 
-·· -. 'i.--
with positioning subjects so that their knee joint wa!" hi€,her than thei:t' 
hip-joint, in helping subjects-'tb niailitain~~odstat:lc; pcisturalbalance.·······_·( •.... 
-~-~ - -
The 20-degree work surface. enabled ·subjects to meet their visual '1ocali- · 
. . c. . ' • 
z~tion demands m~r~ efficiently. ._.____ ·---The-positioning of the knee higher than 
. . . . .- . . 
the hip-joint aff~cted subject~i pelvic tilt a:rici alleviated dorsal muscle.' 
'' 
tension; this undoubtedly helped subjects to maintain a more flat lumbar-
curve. The cantilevering effect in the sagittal plane of the subjects 
was thus increased. 
' . ----- . "" 
All of these factors probably resulted in the 
provision of body support by virtue of good biomechanic balance. ··Such. 
balance was significantly different between conditions T1 and T2 1 •dth 
the latter bette~ than the former. 
There were more suitable equipment dimensions provided and postural 
relations afforded in condition T2. There also were the benefits of 
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better body ~eight distribution by means of the bidensi ty cushioning •. 
More eye-hand-arm· manipulative freedom was. ·allowed"'because of the lower 
work surface heights typically maintained in T2. In fact, the rami-
fications of the. difference between these t\;o sedentary-:-work surface 
conditions ><ere more far reaching than expected; 
The visual-postural behaviour results, both overall and in the through'- · 
time breakdown, as indicated in Tables .10, 71, and 79 1 were found· to be 
consistent between subjects .within conditions.- -Ho>Jever, as a . .'res{tl t of. 
the physical differences between conditioni(T1 ~ndT2, severalJnterest_:; .· 
-ing1 differential responses occurred.-~ •"/' 
Subjects• visual behaviour1. in .. terms of optical .functioning in. Experiment: 
-4 1 was found to be- poor in condition T1. Visual behaviour in condition 
-. ' 
T2 was found to be significantly improved and suitable according to th~ 
literature reviewed (Elder, 1942; Harmon, 1949; and others). These 
authors indicate that two dimensional 1 near-visual,task, such as .that as 
.• provided i;, Experiment _4 1 req:ui::~d:, C~2J?saldistance b<:)'.t<_e,eF 35.5 
and 45· 7 cm, (b) an angle ·of vision between 70° t"o. 110° anda maximum . 
. . .. 
. In condi~ions T1 and.T2 as"in EXperiment 11 subjects,maintained a focal 
-. 
distance within the above recommendations. Using an angled,· as opposed 
to a horizontal work surface did not influence this variable of visual 
. . ·- - "' 
orientation. In T1 1 subjects maintained on average a 38.7 cm focal 
distance, which was only 1.1 cm less than that in condition T2. In the 
light of the work of Harmon (1949) 1 this result was somewhat unexpected •. -
Harmon1 s results were obtained with children l<hose visual behaviour was 
possibly not strongly habituated, so that they were more markedly 
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affected by angle of the work surface, 
The reason why the treatment conditions, particularly the work surfaces, 
did not induce a differential effect is not known. To some extent the 
lack of difference in the focal distance which subjects maintained may 
have been due to strong habitual visual work patterns in the subjects, 
superimposed on an innate requirement in man to focus on his visual 
task. 
The results on visual behaviour in Experiment 4 pertaining to subjects• 
maintenance of their angle of vision were clear. A differential effect 
was found to occur between the two treatment conditions. ·As previously 
indicated, subjects ,in condition T1. ina~ntained 1 on ~verage; ·af~ce-plane 
work surface angle (angle of vision) of ·only 51.2°. In condition T2 
it was disappointing that the better visual orientation promoted by the 
T2 condition fell short of the recommended range by 5.4° 1 though this 
was not entirely une:icpected. This was because all subjects, particul<:i.I'ly. 
re_: 
the 11·.wtiocame. froll! occupati~n backgrouncls·;}f.~-sedentary:natur~.must~; .. 
- ' ' . . --.. -. " .. . 
-~---
have habitually strong visual-postural.behaviours developed around the 
. . . . . . . 6 . . . . . 
use of a horizontal rather than a highly sloped 20 work surface; 
·Further discussion on how such habitual.behaviour must. have played a 
part in the subjects• visual-postural responses will be given later. 
Harmon (1958) 1 Stolpher (1971) and others have indicated that a mor~ 
efficient angle of vision can be obtained with the use of a 20° work 
surface or near vision task activity. The results in Experiment 4 per-
taining to visual behaviour confirm the findings of Harmon, in that 
subjects• face plane and focal distances shifted to coincide to the 
accommodative demand of the task. It is said that there is a reflex 
interrelation between the maintenance of angle of vision, focal distance 
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and visual asymmetry. 
Results (see Table 71, p.264), that the face-plane/work surface angles 
typically exhibited in condition T1 which were smaller to a significant 
extent (see Table 78, p.268) than those exhibited in condition T2, must 
have distorted the subjects• optical input to various extents. Such. 
distortion is thought to increase as the angle of vision diminishes. 
Significantly more visual asymmetry, i.e. asymmetric use of the eyes, 
head and neck, occurred in condition T1 than in T2. On average subjects 
exhibited nearly twice as much visual asymmetry during condition T1 than 
T2, the averages were 13.6° and 7.4° respectively. This was an 
expected result. 
Results obtained in Experiment 4 and Experiment 1 on subjects• visual 
localization and orientation confirmed that two-dimensional nea~visual 
work on a horizontal surface, will usually induce asymmetric vision in 
the frontal plane. To understand why such asymmetry occurred, dis-
, .. cussion is necessary of the other factors affecting visual -orientation.· 
· Phylogenetic8lly based visual orientation reflex responses in subjects· 
must have been stimulated by the task, because both visual and manual 
manipulation demands were placed upon the subjects. These demands·· were 
simultaneous and required reflex responses such that:- (a) both retinas 
were stimulated as equally as possible in order to produce a fused· 
binocular image, (b) there should be freedom of movement of the writing 
arm, with action centering around the shoulder, (c) the visual and bio-
mechanic coordinates of orientation should coincide with each other as 
closely as possible. 
In order to achieve and maintain, (a) particularly for a sustained period 
- I 
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of time, subjects had to make the plane of their face as close as 
possible to parallel with the plane of the task material. Because 
these planes were outside the efficient accommodation range for most 
subjects, both in terms of distance and angle during condition T1 
asymmetry of vision occurred. This was because subjects simultaneously 
moved forward and bent through the entire length of the spine to come 
to a reasonable focal distance and plane of regard with respect to the 
task materials on the horizontal surface. This was done to minimize 
optical distortion. In one sense, the success of the subjects• effort 
was indicated by the fact that, despite the horizontal surface's relation 
to their face plane, Subjects in condition T1 maintained a focal distance 
only 1.1 cm shorter than that in condition T2. To do this, subjects 
clearly had to move substantially out of balance with respect to gravity 
(i.e. with respect to the vertical axis through their midplane). Results 
indicated that on average, in condition T1 1 subjects• shoulders were 
5_.5 cm forward of the vertical line of balance. Extra biomechanic 
stra:j.n 1 in terms of add,ecl_ isometric:: lllUscula;r tension, must h~ve _been .. ~.:·;·:: ... -- .. -. -.: . 
th~own on to -the subjects' back 1 to support t:heir head and trUnk against. 
the pull of gravity. Ironically, this result confirms that subjects• 
acuity was good; otherwise the deviation forward from the line of 
balance, indicated above, would probably not have consistently occurred 
(see Fig. 39 1 p.282). 
The work surface in condition T1 must have indirectly increased the 
overall biomechanic effort that subjects had to make to continue perform-
ihg at their task. The visual and biomechanic effort required to main-
tain a forward postural imbalance with static body support, from. the mid 
trunk to the thigh, and the need to maintain manipulative freedom in the 
arm were presumably great. Asymmetric weight-bearing to the left of the 
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subjects' midplane and also compensatory biomechanic twisting were often 
exhibited in condition T1. Fig. 44 , p. 3531 shows the typical frontal 
plane asymmetry and imbalance Which resulted from condition T1 (see the 
example given of a subject through the full 3 hours in condition T1 1 in 
Fig. 26 1 p.l94). Subjects typicaliy were found to twist their task 
materials line with their bodily twist (i.e. usually to the left). ·This 
was a similar result to that obtained in Experiment 1. Undoubtedly, 
this was an attempt to enhance visual resolution, and, at the same time, 
to minimise the conflict, between their visual and body orientation 
signals (i.e. with respect to the coordinates of orientation for each). 
It may be recalled that the superior colliculus attempts to integrate 
these signals, together with proprioceptive -feedback. 
Subjects' biomechanic freedom to engage in the task as they reflexly 
desired was restrained. Unnecessary oblique thrusts of muscular force 
were probably set up, particularly across the dorsal and neck shoulder 
regions. This was thought to occur because subjects tended to support 
-:P~ft of the weight of their trunk on an elbow or arm in an attempt to 
relieve some of the added gravitation stresses on their. back muscles 
(see Fig. 26 , P·l911 and Fig. 43 , p. 352). 
It seems likely that because of distortion of visual orientation muscul~r/ 
skeletal strain in the eyes, neck and trunk, were produced. This in turn 
>~ould lead to a build up of additional isometric muscular tension. Such 
strain, according to the research of Waterland (1964), could produce an 
adverse function in other parts of the body (see review, p. 36 ) • By 
means of the neural linkages Hhich mediate body orientation biomechanic 
strains and tension could have spread. 
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FIGURE 43. 
Experiment 4. 
regard to the 
plane. 
An example from condition T1 of postural imbalance (~<ith 
vertical axis of the subject's midplane) in the sagittal 
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FIGURE 44. 
Experiment 4· 
regard to the 
plane. 
An example from condition T1 
vertical axis of the subject's 
of postural imbalance (with 
midplane) in the frontal 
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Subjects usually seemed to compensate for their reflex asymmetric shifts 
in body orientation by tilting their head to the left to bring their 
left eye nearer to the task. It seems in part that this is why in 
subjects maintained a large degree of compensatory visual asymmetry in 
condition T1. As will be discussed further, the particular form of 
static body support used in condition T1 can be linked to the subjects• 
systemic responses. 
In general results pertaining to visual orientation indicated that 
subjects• perceptual alignment, and accompanying biomechanic orientation 
to their task was upset to a major extent by the visual orientation 
restraints that were imposed in condition T1. 
However, in condition T2 the subjects• visual orientation was only upset 
to a minor degree. Fig.45 1 P·355 1 shows the typical kind of visual-
postural support balance which subjects maintained when using the 20 
degree work surface, in condition T2. Fig.46 ,· P·356 1 shows the effect 
which the 20 degree work surface typically had on subjects• visual and 
·postural balance in the frontal plane (~ee Fig.29 1 P•l95 1 for an _e:J(ample 
of a subject during 3 hours- in conditionT2). 
Postural movement results obtained in Experiment 4 were to some extent 
disappointing, in the sense that no overall, significant difference 
between conditions T1 and T2 was found. There was slightly more move-
ment in the subjects• body mass in condition T1 than in T2. Variance 
analysis results pertaining to the amount of movement exhibited in the 
various parts of the body were 1 as expected, somewhat different. Head 
movements in the frontal and sagittal plane and shoulder/upper trunk 
movements in the sagittal plane were all significantly greater, by a 
factor of 3 1 between the amount of positional change exhibited by the 
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FIGURE 45· 
Experiment 4. 
regard to the 
plane. 
An example from condition T2 of postural balance (>Jith 
vertical axis of the subject•s midplane) in the sagittal 
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FIGURE 46. 
Experiment 4. 
regard to the 
plane. 
An example from condition T2 of postural balance {with 
vertical axis of the subject's midplane) in the frontal 
L-----------------------------------~-------~-- ·--
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head and upper trunk areas. Interestingly, the order of subjects 
body part positional changes differed quite consistently between condi-
tions T1 and T2. In condition T1 the order in terms of most to least 
amount of postural movement was:- head (sagittal plane), shoulder/ 
upper trunk (sagittal plane) and head (frontal plane). In condition 
T2 the corresponding order was: shoulder/upper trunk (sagittal plane) 1 
head (sagittal plane) and head (frontal plane). No effective difference 
between conditions T1 and T2 in amount of hip/buttock ar~a movement 
occurred. 
The difference in the work surface configurations and hence the difference 
in the visual demands they imposed seemed to be responsible for more head 
movement occurring in condition T1. However, more shoulder movement 
occurred in condition T2. In condition T1 the horizontal work surface 
tended to pull eyes and hence the face down closer to it, so that an 
efficient focal distance could be attained. In the T2 condition this 
was not necessary. 
ment was required, 
Thus in condition T2 less shoulder and trunk move-
In general postural movement in condition T1 may have been increased 
slightly over that in T2 because of the asymmetrical visual orientation 
it tended to induce. This will be discussed later. 
Evidence of differential effects occurring in conditions T1 and T2 with 
respect to subjects• postural movement were found in the analysis of 
data over time. Results in Table 85 1 p.276 1 although not statistically 
analyzed 1 clearly indicate (see Fig. 39 1 p.282) that in both conditions 
the mean amount of positional change exhibited in the 3 planes of space 
for 4 areas of the body, steadily increased from the onset of test 
period through the first 90 minutes. In other words, during the first 
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45 minutes or so, subjects exhibited virtually the same amount of total 
positional change in each condition, i.e. 5.6 cm in condition T1 and 
5.4 cm in T2. During the next 45 minute period the amount of positional 
change shown nearly doubled, to 9.0 cm in condition T1 1 and to 7.5 cm 
in T2. During the next 45 minute period, subjects increased their amount 
of positional movement further to values of 10.3 cm in condition T1 and 
8.9 cm in T2. Finally, during the last 45 minute period, after having 
reached a peak at about 135 minutes or so after the onset' of the test, 
there was a substantial decrease in their movement in condition T1 to 
8.6 cm. In condition T2 movement remained virtually the same as in the 
3rd period. Subjects• average rate of postural movement increase in 
condition T1 was steeper than in T2. The most striking impression 
imparted by this data is that after the 2nd hour or so at the task, 
subjects• postural movement in condition T1 substantially diminished. 
On the other hand, a relatively constant amount of movement was maintained 
in condition T2 1 particularly in the latter periods. 
:::only be. surmised. The results given in the rank .correlation tests in 
Table 103 1 p.3Q6, suggest that a differential effect was imposed on 
· subjects• visual-postural behaviour, by the two treatment conditions •. 
For example, in T1 subjects• postural movement tended to increase as 
their angle of vision increased. The reverse of this occurred in T2. 
Furthermore, in T1 subjects• postural movement tended to increase as 
their focal distance decreased. The reverse of this was again true in 
condition T2. As described earlier, the close interrelation of the 
three major factors influencing visual orientation were probably primary 
influences on the subjects• postural behaviour. Two of these three 
variables were differentially influenced by the two treatment conditions. 
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Because, in a sense, bodily orientation follows the head, the angle of 
the work surfaces used may have indirectly affected subjects' postural 
movement. The reason is that in condition T1 more body position 
changes would have been reflexly necessary to try to come to balance 
with the mismatched visual orientation signals, which condition T1 
imposed on subjects. 
In other words, visual angle could be increased by moving forward in the 
seat, and balancing the head higher above the work surface and thus the 
task material. In order to do so, subjects' focal distance was diminished 
and to attempt to compensate for this further rotation of the head occurred 
so that the subjects' preferred eye was further from the task (i.e. at a 
better accommodative distance). These results were similar to those 
obtained in Experiment 11 and confirmed those of Harmon (1949). 
The overall result was the tendency of subjects to suspend vision in one 
eye. There was some strong evidence (at 1 per cent level) that this 
oc::curred 1 .Particularly in condition T1. In terms of visual orientation 
jects were thus much more constrained in condition T1 with respect to 
their level of visual efficiency, which in turn affected their freedom 
to change their biomechanic orientation. It can be argued that this 
further increased the subjects' biomechanic tension. This may eiplain 
why the order ill' which subjects fell in terms of amount of postural move-
ment while engaged in the task tended to be opposite in conditions T1 
and T2 (see Table 103 1 p. 306). 
Eight out of the fifteen subjects (2 1 31 4, 5 1 7, 81 12 1 15) had signi-
ficant differences in their mean amount of postural movement between T1 
and T2. For five of the eight subjects (2 1 4, 8 1 15) 1 there was signi-
ficantly more movement induced during condition T1 than T2. Only three 
L----------------------------------------------- -
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of the eight who had significant differences in movement were females. 
Two of these showed more movement during condition T1. Because of the 
strong female tendency to exhibit differences in movement, five of the 
seven subjects who exhibited greater postural movement during T1 also 
had a greater systemic stress responses (i.e. in terms of difference in 
EBC percentage change). On the other hand 1 five of the eight· subjects 
who exhibited more movement during condition T2 also showed greater 
systemic stress (see Fig.47 1 p.36l). 
Three primary differences in individuals' visual-postural response 
which seemed to be caused by the two work surface configurations include: 
(a) amount offreedom in visual orientation, and amount of adaptative 
response by the body parts to come to balance with the visual demands of 
the task, (b) the degree to which compensatory biomechanic ·asymmetry was 
induced by (a) 1 and (c) the amount of relief in biomechanic tension that 
was allowed. 
Habitual adaptative response patterns for 2 dimensional near visual work 
were certainly well established by subjects prior to the experiment. 
All three visual factors, i.e. focal distance, visual angle, and visual 
~symmetry, were found to fall in similar orders for subjects in condi-
tions T1 and T2 (see Table 103 1 p. 306). 
In condition T1 greater postural movement in the 3 coordinates of space 
was exhibited by subjects much more quickly and to a greater magnitude 
than in T2. Visual freedom was significantly increased in condition 
T2 1 and this may be the reason why a steadier state of visual-postural 
behaviour (in terms of body positional change) was maintained through 
condition T2. It seems that in condition T1 1 in or about the last 45 
minutes of the treatment period subjects reached a stage in which adverse 
levels of (a), (b) and (c) above were occurring. It may well be that a 
stage in time was reached that in order to carry on with the task 1 
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FIGURE 47. 
Experiment 4. The mean systemic stress response (i.e. in terms of 
difference in EBC percentage change) and the mean amount of postural 
movement (i.e. in the x 1 y 1 and z coordinates of space) are given for 
fifteen subjects. These values are given with respect to the day on 
which condition T1 and T2 were applied, during a 3 hour reading-
writing task. 
Mean (cm.) Postural Movement 
(photographically recorded) 
ro o 
Q) " r-;....., •r-J 
Systemic Stress Response E-4 .:} 
(EBC per cent of change difference) w 
- I 
subjects either had to disengage from the reading-writing activity or 
else override their sensory signals indicating their physiological state 
(i.e. to ignore their a>Tareness of a stress condition build up) and con-
tinue in their task. This may explain the sharp decline in the amount 
of postural movement towards the end of condition T1. Further discussion 
of posture and performance is also given later (see p.370). 
In the light of the above indications, particularly those showing that· 
subjects responded visually in a similar order in both conditions, and 
that postural change was affected differentially in individuals, it seems 
that there must have been other factors which were simultaneously·affecting 
subjects' visual-postural behaviour. 
The results relating to the subjects• degree of postural imbalance (i.e. 
degree of biomechanic asymmetry) were interesting (see Tables 86, and 87, 
pp 279 to 280). These results indicate that postural imbalance was related 
to subjects• overall amount of stress adaptation, and to postural change, 
particularly in condition T1. 
On average there was 5.5 cm of imbala!)ce sagittal fro~ the subjects' 
vertical (gravitational) axis through the midplane of their body, in 
condition T1. In condition T2 only 0.9 cm of imbalance was. maintained. 
This difference was presumably responsible for a lessening of tension in 
back muscles. The same magnitude of difference in postural imbalance 
between conditions T1 and T2 did not, however, occur in the frontal plane. 
In this plane the imbalance in condition T2 was only slightly less than 
that in T1. Subjects• balance seemed to have moved further from the 
vertical axis in both planes simultaneously. 
It seems that the degree of sagittal plane postural imbalance and amount 
of overall postural movement that subjects showed were related. In 
condition T1 subjects• sagittal plane biomechanic imbalance was over 
5 times as great as that in condition T2. The amount of postural 
change in condition T1 was also typically greater than that in T2. 
Again, the differences in the work surfaces which subjects used, parti-
cularly with respect to the visual angle and focal distance they allowed 
them to attain, were presumably responsible for much less postural 
imbalance occurring on condition T2. For reasons already given, using 
the sloped work surface allowed the subjects• visual orientation freedom 
to readily engage in the sedentary task in a balanced posturaJ. position. 
Why there was no corresponding large reduction in subjects• postural 
imbalance in the frontal plane, while in condition T2, can be explained 
·as follows. 
All the subjects, particularly those from sedentary backgrounds, dis-
played habitual visual-postural orientation behaviours with respect to 
condition T1, which were not easily changed by the work surface. 
Especially strong was the subjects' reflex positioning of their head and 
~~-- , 
eyes to the left of the vertical axis of their mid planes (see Fig. 39 p.282) •. 
It has already .been discussed how such postura1: imbalance may have. come 
about,. and shown itself to a greater extent in condition T1, within the .. 
consequent visual-postural positioning it imposed. It can be said that 
sustained maintenance of an imbalance body posture, would necessarily 
increase the amount of isometric, muscle tension above normal levels. 
It may well be that residual tension reached a state in which efficient 
cell-tissue functioning could no longer be maintained without a signifi-
cant body adaptation (GAS). 
Interestingly, the differential biomechanic effect of the treatment con-
ditions must have played some part in the amount, and cause, of the 
subjects' systemic response, since no similar correlation to that given 
above occurred in condition T2. In fact, there ~<as a slight tendency 
for the reverse to be true (i.e. for less .imbalance to be associated 
~<ith greater .degrees of adverse systemic stress response. 
The other major result, ~<hich is indicated on Table 104, ~<as unexpected. 
Previous results indicated that as visual asymmetry increased, greater 
tl<isting of the head-neck and compensatory counter rotations of the trurik 
occurred. :But, according to the correlation test, this assumption could 
not be made. Evidence obtained on the day on Which condition T1 ~<as 
applied suggest~ that the less the amount of visual asymmetry maintained 
·by.the subject, the greater the systemic stress (as measured.' :i.n terms o.f 
difference EBC percentage change). The corresponding.correlation test 
for condition T2 tended to indicate the reverse. Therefore, it can be 
said that both the amount of visual and asymmetry and postural imbalance 
could not have been so directly related as previously thought. Further-
more, no evidence of a direct relation bet~<een subjects' amount of 
postural movement and visual asymmetry ~<as found either, despite the 
fact that the former ,and systemic stress ~<ere .related to: some. erlemt. · 
Presumably because of the effectively unchanging task demands, the degree 
. and amount bf postural i~balance re~ained relatively constarit from the 
start to finish of the 3 hour test periods under both conditions. Thus, 
each subject tended to move in and out of an individually set postural 
balance position. The difference bet~<een treatment conditions was that 
the location ~<ith reference to the vertical axis of the subjects' midplane 
and the magnitude of movement about this position ~<ere different. Fig. 39 
p. 282, clearly sho~<s that in T2 subjects degree of sagittal plane imbalance 
increased to some extent through time, until, during the last 45 minutes 
or so, they fell outside the range of balanced biomechanic and visual 
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functioning. In other words, the subjects fell outside a position of 
equilibrium between.the eye-hand task demands and gravitational demands 
on their biomechanic mechanisms. This indicates that possibly some 
sort of build up of static muscular effort overtly began to reveal itself 
at this stage in time, in terms of position change. 
Some of the sigr,ific~nt results from the correlation te~t~ have already 
been discussed. Others require further explanation. An important 
result was that the order in which subject~ fell in terms of the amount 
of postural imbalance, shown during the TEST PERIODS, and systemic stress, 
as measured by EBC change to the same period of time, were very ~imilar. 
,- ' ' 
:on the day ·on which conditi(m~ T1 was applied. . The implication ofthi~ 
result was that ~u~tained postural imbalance as imposed by the particular 
sedentary support-work surface configuration was a major contributing 
factor in creating adverse systemic changes in subject~. 
It can be said with little doubt that any visual inefficiency induced by 
asymmetric visual functioning. could not have been a major contributory 
factor in the stress. measures obtained. 
o.---:-
Nor was it allied with the · 
postural imbalances displayed. Visual asymmetry in the frontal· plane 
was not responsible in a major way for imbalance overall 1 or vice versa. J;~";;~:,~:; _c;;_;; ;_:_ __ ' . 
However, as was shown in a;,other correlation test, the evidence was that 
in condition T2 postural imbalance was related to visual asymmetry. This 
was confirmed by previously described frontal and sagittal plane 
differences in subjects• balance, while in condition T2. In condition 
T1 1 the differences in imbalance between the two planes was negligible. 
-, .. 
4.5.5 Discussion of the Subjective Response Results 
Results of the variance analysis on the subjective comfort responses were 
largely as expected. After experiencing both conditions, subjects 
reported feeling less comfortable (at 1 per cent level) than when they 
began. 
The reason for subjecfs feeling uncomfortable after both conditions T1 
and T2 was presumably due to the effect of a deficient hormonal balance. 
This was probably most true for those subjects who underwent a signific-
ant systemic stress, because an abnormally high corticosteroid titer may. 
have i:n:fluenced the integrative functions of the subjects• nervous 
system, il,S was .. suggested in the Literature Review (see p. 70 ) • . Thus 
subjects• behaviour and mood could have been affected by such a 
homeostatic disturbance. 
However, there is some doubt, in the light of the results obtained in 
Experiment 41 about the accuracy with which an individual can pick out 
tfiose factors which cause or have caused a particular feeling to occur. 
Two variables were thought to influence the accuracy of subjective 
response results. These were:- (a) a time lag effect between the time 
when the peak of the systemic stress adaptation occurred, and the time 
when the subject was asked to report his feelings, and (b) individual 
conditioning in particular, past experience in conditions in which systemic 
stress developed. 
Post treatment subjective comfort responses were not different between 
conditions T1 and T2. This was possibly because subjects• overall 
psychobiological effort was similar in both. Results support this belief, 
in that there were no significant differences in the amount of systemic 
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stress shown in the two conditions. In addition there was no differ-
ence in the actual manipulative and intellectual requirements of the 
treatments. 
Results pertaining to the subjects 1 evaluation of the seat used in each 
treatment condition were interesting, in that different ratings of the 
two seats were obtained. The ergonomic, or condition T2, seat was 
rated significantly higher. This was despite the fact ·that, in terms 
of the systemic stress effects treatment effects were similar and dis-
comfort responses of subjects after T1 and T2 were also similar. The 
explanation for this apparent conflict, with respect to the condition 
T2 seat being l'"ated.higher, can probably be .centred around the aes'thehc · 
.. appeal_ the cush.i.orii:llg in condition T2 _had ori. subjeo'ts. 
Analysis of other subjective responses also indicated that there was a 
conflict between what subjects said and what they physically experienced. 
The subjective response results in Table 95, p.291, indicated that over-
all, condition T2 was less tiring, and fatiguing, than condition T1. 
However, subjects still. reported that they. were significantly less com-
fortable at the end· of c.ondition T2 thari when they started,·a similar 
result as found in condition T1. This was some,mat inconsistent.· 
FUrther examples of the lack ·of. apparent accuracy in "feeling" . responses, 
Which occurred in-Experiment 4 can· be cited:- (a) no clear preference 
for either condition T1 or T2 work surfaces was expressed. However, in 
terms of the amount of visual asymmetry imposed and the angle of vision 
·maintained by the subjects, condition T2 was found to be significantly 
better, l;ith regard to ocular functioning, than T1 1 and (b) two-thirds 
of the subjects preferred the lighting in condition T2, while there was 
no effective difference in lighting levels between condition T1 and T2. 
It may be that lighting seemed better, because visually, subjects were 
more comfortable. 
There was one significant correlation at 5 per cent level involving 
subjective responses. This indicated that subjects fell into opposite 
orders of response in term~ of their post treatment test comfort, and 
systemic stress (as measured in terms of difference in EBC percentage 
change) during the TEST PERIOD on days when condition T1 was experienced. 
This suggests that subjects• comfort response tended to be opposite to 
the actual a.inount. of adverse systemic change -they experienced. 
·This direct conflict .seems :to·' coincide With' the other subjective response 
inconsis-t'en~'ies previously'mehtioned. It also indicates that subjective 
responses are suspect as an accurate, or even good general indicant, of 
adverse physiological change. The subjects• ability to ignore their 
awareness of a physiological state of stress and to continue with the 
task in hand was evident. Individuals' previous proprioceptive, 
a<?;;;thetic and sedentary work biases were all probably variable factor;;; 
~ '. ; ., " "' .- ·...:.. ', -. - ' ' 
influ~ncing t,his abili~y.. I~-pa:r:tic:ular subjects• familiarity witli the ·1 
kind of sedentary work condition that condition T1 represented (i.e. the 
~ypical office, etc_.) was 1 ikely to produce bias in resul is. Such bias - I 
seems-to have existed, since there was no evidence that- subjects• comfort 
and systemic stress responses were in conflict in condition T2 1 but were 
in T1. 
Other examples of inconsistency between subjective response and subjects· 
physiological states were found in the results. Although female subjects 
in Experiment 4 underwent. the greatest systemic stress in both treatment 
conditions, their discomfort responses were not different from the male 
subjects. Data taken from Tables 88, p-284 , and checked against results 
in Table 95 1 p. 2911 confirm this. 
368 
,--~~~~~~~~~~~~~--~----------~-~- ~---~~----
Interestingly, the only real difference in subjective comfort in female 
subjects >las that the two females, who _came from non-sedentary back-
grounds preferred condition T2 1 whereas the other two, from sedentary 
backgrounds, preferred condition T1. This preference was not exhibited 
by male subjects with a non sedentary background. 
Overall subjective responses were not a reliable source of information 
when compared with physiological measures. Indicants of subjective 
· discomfort were not fo;_,nd easy to integrate with the. systemic .stress 
. ' 
. . 
measures obtained in Expe:dment 4. 
. ... ?-''- --
One result in the questionnaire data was disappointing in the sense that· 
there was·some evidence (at 10:per c;ent level) with respect to .condition· 
.. 
T1, that in the case of eight subjects, their treatm~nt ~t~es~ effect 
measure was masked. The reality of having to use volunteer subjects 
>1as primarily responsible for this. Subjects it will be recalled were 
asked (see p.l79) 1 to refrain from engaging in any sustained sedentary 
activity on norm days. None of.the eight subjects sat in a visually-
centred task activity cm one or both of their norm days for as long as 
they did during the treatment tests. ·The fact, however, that eight 
did engage _in such a()tivity on a norm day between 1 to 2.5 hours between 
1330 and 1100, makes it seem likely that to some extent the same sedent-
ary stress stimuli were imposed on the norm days as on the treatment days. 
Weaker evidence was obtained (within 15 per cent level) that this masking 
effect may have influenced results pertaining to systemic stress in con-
dition T2. The implications of this evidence seem to be clear. If 
subjects had not engaged in any sedentary activity on the norm day, and 
in some cases on both norm days, then a much larger percentage of the 
subjects I<Ould probably indicate a significant stress change. As it was, 
43 per cent did. 
4. 5. 6 Discussion of the Cloze Procedure/Task Performance 
It has been shown that there was no significant difference between 
condition T1 and T2 in Cloze procedure performance. The mean T1 score 
was 40.3 per cent correct. That for T2 was 36.2, It Has believed 
that several factors contributed to this similarity of means. First, 
task materials, motivational incentives, and environmental conditions 
Here essentially the same in both conditions. Second, ·the amount of 
·- ·-·· 
systemic stress expressed in terms of differences ·in.EBC: percentage· 
.. · . 
change and induced by the two treatmentconditions Has not differ~ntial 
. . 
in effect. The large variation betHeen subjects• scores was probably 
related to the subjects • . varying educational levels 1 ·cultural backgrounds 
and reading interests. 
Although females Here found to undergo significantly greater systemic 
stress than males 1 both sexes • performance at the task Has effectively 
the same. This suggests that, even for extremes of stress, performance 
and the systemic measures Here not related. However, for subjects 
overall 1 . (see Table 106 1 p. 314) 1 those l'lho. performed more· poorly mile 
in condition T2 also tended to undergo the greatest stress response. 
There was no difference betHeen male and female performance. 
The particular .manner in which deviations in the subjects • systemic 
hormone balance (i.e. high corticosteroid titer) influenced their task 
performance cannot be said for certain. It seems plausible to suggest 
that subjects• subjective feelings Here probably affected by these 
adverse deviations. It is also plausible to suggest that their motiva-
tion or drive at the reading-Hriting task was affected by this factor. 
An alternative possibility, hoHever, is that postural movement or rest-
lessness (in particular individuals) may have diminished their concentra-
tion on the task. ThiG view can be taken since there >:as some evidence 
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in condition T2 that subjects• performance tended to decrease as their 
postural movement increased. No similar tendency occurred in condition 
·T1.-
As stated previously, subjects responded in a different way in conditions 
T1 and T2 with regard to amount of.postural movement and systemic stress 
response exhibited. As stress increased in condition T1 1 subjects• 
movement . tended to increase •. · The re'l[erse of this occurred in T2. The · 
tendency'for subjects• performance to-decrease in condition T1 as their· 
m(>'Vem~nt. d~cr~a~ed, in:dicat~s the possibility that de~ee. of syste~ic 
stress may hav~ inf'luenced per:i'ormancemore than extraneous movement • 
. Beoause subjects •.·. performance .tended to--vary· as: the measured stress .· 
•• •c.' --
··response did 1 particularly in condition T2·, it may be argued that the 
stress measured was mainly neural in nature and due to mental fatigue 
caused by performing the task. This seems unlikely in view of the 
previous discussion. Furthermore, if this were so 1 then it seems 
reasonable to suggest that there. would.be evidence that subjects• stress I 
r~sponses ~and, comfort ··~Qr ._<iecreq,se i:ri perfoimance- and increases in. dis..:. 
comfort; .corresponded ... ,,. As- has been __ indica!ed1 ·the reverse· of this .. was 
typically th.e. case ... -. 
It -.seems certain that psychoiogical stress was not induced by poor per-
.formance at the task. As indicated in Table 106 1 p. 314, there was no 
similarity whatsoever, between the order in which subjects fell in terms 
of decrease in performance and psychological stress as indicated by 
increase in WBC percentage change. 
Because as previously discussed, comfort response tended to vary inversely 
with systemic stress responses, and because some evidence exists that 
subjects• performance and amount of systemic change corresponded, it may 
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well be that overall comfort responses >~ere related more to subjects 1 
feeling about their performance. 
The two sets of reading->~riting material (i.e. RM 1-5 and RM 6-9) were 
found to differ significantly. It was later discovered that the set 
in which lower scores >~ere most common, was 113 word blanks longer than ··I 
. the other. This was an error on.the part of the author. The end 
result was that subjects were provided with slightly more work to do 
on· one treatment test day, and o.nly allo.wed the same. amount of. time to. 
do it in. This undoubtedly caused the discrepancy in perfori!lance 
I 
. . 
between the sets of reading mate:i:-ial. · · This, ho.wever, did .not affect .: 
treatment: co.mparison a~ performance' as both sets of readin~ material·· 
.. o.ccurred effeCtively the same number of times. in each treatment conditio.n.· 
.. i 
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Discussion of the Ma.ior Issues in Experiment 4 
The implications of the results in Experiment 4 require further explana-
tion. Three major issues stand out: 
( 1) how 1 and in what manner 1 did the kind of visual and biomechanic 
.• interaction which took ·place in conditions .T1 and T2 ·c during a. 
three hour ne.ar visioned task) .induce systemic stress in the 
subject?·· 
(2) . why di:d individuals respond differently in terms of systemic stress· 
.. -·. 
to the 'same treatmen(c6nd:i.tion stim;,ii"; particularly with respect 
to their. sex and occupational background? 
(3) why did both treatment conditions induce appto:X:imately equal 
• " '·. • c.-·.··.:..,., .,, ·: ·: ·-
. systemic stress responses in subjects 1 rather than produce 
differential effects? 
The Systemic Stres~ Stimulus of Static/Visual-Posturar Support 
Seven out of the 15 subjects underwent an adverse systemic stress (in · 
terms of a - 40 per cent diffe;ence in EEC percentage change) when con-
dition T1 (non-ergonomic) was applied. These subjects represented 47 
per cent of the group. An additional 6 of the other subjects underwent 
'_./ 
a less abnormal systemic change, which, on average, was 'equivalent to -16 
per cent. These 6 subjects probably under.went a higher than normal 
shift in their systemic blood corticosteroid titer. The other 2 subjects 
underwent no negative EBC change. 
In a similar analysis, it was found that 6 out of the same 15 subjects 
underwent systemic stress when condition T2 (ergonomic) was applied, i.e. 
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about 40 per cent of the group. Six other subjects, when engaged in 
condition T2 1 also underwent an abnormal systemic change in terms of a 
negative change in EBC 1 but to a lesser extent. These 6 underwent, on 
average, a -29 per cent change. The 3 remaining subjects underwent no 
abllormal systemic EBC diff~rence from their norm;· On average, for both 
conditions. combined, _it can be said that 43.5 per cent of the subjects 
. . . .. 
. were affected signi~ieantl;. ·• ~In other~ words 1 these subjects were sus-· 
ce~tible ~in terms of health being affected by high levels of corticost_e-
. ~ ---
roid material. fo the kinds o:f visually centred, postural work ~si tuai;ions 
in which they engaged. It is probable 1in subjects who showed the 
:. -,. · .. -·:• 
. highest corticosteroid titer, that -a~ series. of maladaptive 'metabolic 
. ~h~nges must ha-Je occuhed in the: n;uscle tis'sue. .· .... ; 
Once the subject-engaged in the task, a series· of both overt and non~ 
overt physiological adaptation must have taken place. The kind and 
amount of adaptation that occurred was probably related to the individual's 
visual-postural orientation, physical characteristics 1 _and pr<')vious con-
:--•.:...-
··-·· .. ·--- --'-·--·· .. 
• di-tioning factors. · ··The same set of~•-for:Ces:or _ demand.s were probably~ 
~ •• --.-< - •. : 
a.6t:lng~on all subjects; but ·with''dif:ferent-'-orders of influence -and effect.·· 
One or more levels of adaptation may have taken place in each subject, 
--- ~--- ---···--··· .. -·-- "-·~---
the level of adaptation depending on the irid_ividual and how he was 
. affected by the postural support~ system '(see Fig. 48 1 p.375). 
LEVEL 1: The static/ sedentary support-work surface configuration being 
1.1sed.by a subject immediately restrained and interfered with his reflex 
patterns for postural change, balance, and manipulation at the task. 
For reasons discussed earlier, his freedom to come to terms with the 
demands on his sensory mechanisms, to move out of balance and/or return 
to balance were impeded. The forward movement of his trunk-neck and 
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biomechanic tensions were set up and continued as long as his motivation 
to engage in the oblique activity continues. 
In this sedentary situation: symmetric, asymmetric or both types of 
muscular tension were required, to maintain a fixed and upright posture • 
. At a certain point in time, probably not less than 20 minutes after the 
onset of the task, the build up of isometric muscular tension in the 
subject passed the individual's 15 to 20 per cent of maximum force poten-
tial (MFP), producing tension in voluntary isometric systems within a 
·" ' o' •. certa:i.nregion of his musculatu:r:e· 
:;, ',.'-~: .:~-i :-.>~ ... ~~ '· '~"~;"- .. ,. . 
. ·- - - ·- ' -
This was more probably. in the low:_. 
::".'~'.:·.·. :·: ... ·.·back and shoulder:-neck regions according to results ·in Experiment 4, ":~'( .... 
·confirms the ftnai~gs ~f Finnegan (1949),Ltindervold (1957) i Floycl (1969) 
and others. 
was surpassed (see review, p. 40). The magnitude of the cellular resting 
potential was beginning to diminish. Furthermore, in these regions the 
ability of the vascular beds to carry off the energy end products being 
formed was proportionally being reduced as the per cent of MFP in turn 
energy expenditure _continued to increase. :A cellular conflict or. strain 
in these particular tissues may have now begun. (See Review on the 
influence of phasic muscular contraction on circulation and electrolyte 
balance.' pp 39 and 45 ) • 
Somewhere about this point in time, during the task, some individuals 
(approximately 1 '1 per cent of the group) successfully adapted to the 
situation. By various means of adaptation the subject ;cas able to level 
off or reduce the isometric tension build up, and maintain muscle func-
tioning within its limits (for example: the tension may have been spread 
to involve more muscle units, less visual attention may have been directed 
to the task, and/or more dynamic muscle activity such as wriggling, 
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stretching, may have been engaged in, etc.). Whatever the exact means 
by which tension build up was levelled off, the subject was able to 
increase the vascular supply to the muscles involved. This, in turn, 
increased metabolic end product removal, which eliminated the need for 
an increase in corticosteroid action (due to an abnormally high cell 
energy demand). 
LEVEL 2: As cellular demands in the local muscle areas increased, 
increased oxidation reduction processes were needed to maintain normal 
cell membrane potential. To meet this need,· a significant increase: in 
peripheral co,:.tical horm6n~ utilizatiim was recruired, particularly : 
glucocorticoid material .(s~e p, 56 ) • This caused an in~rease i~ sodium 
pumping to overcome increasing intra-cellular sodium, thus· decreasing 
intra-cellular potassium, which in turn, dilated the capillary network 
to help remove metabolic wastes. Eosinophil activity was thus affected, 
Together, these. actions within the local areas of the musculature pro-
vided a temporary "analgesic" or suppressive effect on the developing 
inflammatory process. 
LEVEL 3: If a further build up in the amount of isometric tension in 
these local areas occurred, the rate of cellular activity and its energy. 
requirements reached a. point where the muscle corticosteroid level >Jas 
no longer adequate. Cells would, at this stage, be damaged in terms of 
electrolyte imbalance (see p. 58 ) • 
A threshold would be reached in some of these local areas in which extra-
cellular fluid homeostasis was upset, causing localized irritation, 
which, in turn, increased the rate of eosinophil migration into the extra-
cellular fluid. 
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The corticosteroid in the blood began to rise sharply in response to 
the increased demand. The hypothalamus, and thus the anterior 
pituitary-adrenal cortex axis, were activated. Anti-inflammatory (AC) 
corticosteroid material was secreted more commonly and would be utilized at 
this stage of adaptation. A local (bodily) adaptation stress syndrome 
(LAS) developed (see Review, p. 46 ) • 
At or about this point, some individuals (approximately 40 per cent of 
group) successfully adapted to the above situation. By one . or more 
means of adaptation, the subject was able to level off or reduce the 
isometric tension build-up and in turn contain or rectify adverse cell 
function in these local areas of muscle tissue. There was the possi-
bility of LAS being successful. Static muscular load may have been 
spread out, decreasing the isometric tension through dynamic muscular 
activity relief, such as shifts in posture. 
If the subject was able to adapt to the static/postural support, task 
condition in this manner, he was amongst those that underwent no more 
' than- 39 per cent difference in EBC change (i.e. drop) in their peri-
pheral blood. The success of the local adaptation was probably suffici-
ent to withstand or prevent any serious injury to muscle tissue due to 
cellular malfunction. The mechanisms of natural defence were probably 
able to control the stress condition, without causing other effects, 
such as tissue inflammation. 
LEVEL 4: If adaptation, as indicated above, was not successful, and 
if isometric tension was maintained at the same level or increased, then 
the accumulative effects of continued compression of the musculature 
within the local vascular system were spread. This coincided with 
higher than normal energy demands and inefficient energy expenditure. 
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In other words, a deficiency of substrate materials and a major dis-
ruption of the cell membrane potentials effect was disrupting the energy 
metabolism (i.e. reduction processes). From the areas of such disrup-
tion, a chemical signal or corticosteroid releasing factor (CRF), (see 
Review, p.53 ), of some sort, possibly a dual signal with a message that 
an abnormally low corticosteroid titer was sent out. 
This hyper-activated the anterior pituitary to secrete ACTH which in 
turn activated the adrenal cortex to release a large quantity of corti-
costeroid material (i.e. before hyperactivation ended a total of up to 
25 units of ACTH, or more, probably entered the blood). This was in a 
sense a "fight or flight" response situation. Although the stress 
response probably remained primarily non-specific a larger number of pro-
inflammatory (PC) mineralcorticoids were released into the blood to aid 
removal of tissue waste products. 
The depressors of the oxidative process in these tissues were now 
surrounded by agents of the subject's natural·and immunological defence 
mechanisms. Some WBC (neutrophils) migrated with the eosinophils into 
the intercellular spaces to engage in their select phagocytic action. 
The entire general adaptation syndrome or GAS (Selye 1956) (see Review, 
p. 45 ) , was activated. All the chemical changes which go along with 
GAS also developed. There was an increase in cholesteral, fatty acids 
release, etc. Inflammatory (PC) reaction processes began to take place 
in select areas of greatest tissue irritation. This was to stop further 
reaction spread and to prepare for replacement of any injured tissues. 
The mineral corticoid action began increasing the subject's sodium 
retention and excretion of potassium and other mineralization processes 
to regenerate normal cell permeability. At or around the time that the 
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entire organism was in a major fight with the build-up of tissue 
irritants and their deleterious effects, these individuals (as part of 
the 43 per cent of the group) were able to end their visually-centred 
task activity. The 3 hour treatment test was over. 
LEVEL 5: The systemic s1ress recovery stage began, in a sense, 
immediately. Formed anti-body agents, eosinophil and other WBC 
phagocytic actions continued to destroy and enhance the removal of the 
cellular irritants·. Restoration of efficient cellular function was 
beginning in the stressed areas of the body. The immediate influence 
of dynamic muscular contraction (e.g. as shown by stretching and walking 
activity) increased the blood flow and speeded these processes. 
Thus the metabolic effort to repolarize the cells, so that constructive 
oxidative processes in the stressed areas could return, was enhanced. 
The implications of the various levels of a systemic stress condition, 
in terms of ill health, will be discussed later (see p.388). 
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4. 5.9 Individual Response Differences to the Same Stress Stimuli 
The biomechanical restraint and imbalance imposed by the static/sedentary 
support-work surface configurations, during conditions T1 and T2 differed 
with each individual. There were basically three main sources of 
difference. These were:- (a) subject's previous exposure to the 
similar stress stimuli, (b) body type (including muscular capacity, 
circulatory efficiency, and biomechanic adaptiveness), and (c) just how 
concentrated a task effort was maintained, in terms of visual localiza-
tion. 
The subject's previous exposure to static sedentary task activity was 
thought to be a variable factor in the way h§' physiologically adapted to 
conditions T1 and T2. This sort of variation would make sense within 
the concepts of adaptation reviewed (see p •. 21). The body would be 
allowed the time to develop, through adaptation, the most effective way 
of responding to the pattern of stimuli responsible for the build-up of 
isometric tension (i.e. to prevent systemic stress), thus in turn finding 
th:e best way of coping with the systemic stress condition if it resulted. 
This belief was supported, to some extent, by the tendency for subjects 
from sedentary occupations to have exhibited less of a stress response, 
as seen by EEC change, than those from non-sedentary occupations (see 
Table 103, P·306). 
With respect to adapting to the direct stimuli of the static sedentary 
condition, the subject's ability to withstand or alleviate the bio-
mechanical restraint and imbalance which typically was imposed had to be 
important. This adaptive ability was probably linked closely with the 
size and strength of his musculature. In addition, the subject's ability 
to spread, and intermittently relieve, without upsetting performance at 
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the task, the build-up of muscular tension were probable factors influ-
encing systemic stress response. 
As was implied in the Discussion on LEVEL 5 of adaptation, differences 
in subjects' natural defence (resistance) or immune strength were 
probably important in determining how well they could systemically adapt 
to muscle tissue/cellular strain, i.e. the stress condition (see Review, 
p.62 ). Biochemical conditioning factors, both hereditary and acquired, 
were variables which must have existed between subjects. In particular 
subjects unique tissue sensitivity to various kinds of tissue irritants 
and corticosteroid imbalances were most,likely a part of this variation. 
Together tissue sensitivity, etc., may have influenced the individual's 
entire pattern of systemic response, i.e. whether (a) to fight more, 
0ausing tissue inflammation), or (b) to respond in a more non-specific 
(anti-inflammation) manner. 
With respect to systemic stress variations that were due to body type, 
male and female systemic mechanism responses were significantly different. 
There was strong evidence that females' systemic stress responses were 
greater than the males (see Fig. 36: 1 P.234). The exact reason is not 
for certain. Four females were a limited sample, and, in any case, 2 
were from sedentary, and 2 were from non-sedentary occupational back-
grounds. However, no real difference in stress response (in terms of 
difference in EBC percentage change) seemed to exist between female's 
from different occupational backgrounds (see Table 46, p.255). This 
suggests that some other factor lay behind the male/female difference. 
Body size has long been recognized as being an important variable in 
energy production. On average, the females in Experiment 4 were 
approximately .28 sq.m. smaller in terms of body surface than the males. 
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Th"s their metabolic rate was approximately 8/kj/sq.m./hr. less than 
that of the males (see Table 21 1 p.l83). As dis~ssed previously (see 
p. 298) 1 results of the correlation test (see Table 101 1 p. 299) 1 involving 
subjects• metabolic rate (based on subject's height, weight, body surface 
and sex), (Diem, 1962) very strongly support this argument. A signifi-
cant relation (at 5 per cent level) on days on which condition T1 was 
applied, was found between subjects• order of response for systemic 
stress (i.e. in terms of EBC change) and their metabolic rate. A similar 
result, but less significant, was found in condition T2. 
Subjects with lower metabolic rates, such as females, v1ere more likely 
to be systemically stressed by the sedentary support stimuli imposed. 
This is in keeping with what was previously said about the effect the 
build-up of isometric tension had on the electrolyte balance, etc. 
Furthermore, females in particular would tend to have a lm<er maximum 
force potential (MFP) in terms of voluntary isometric contraction. 
Therefore these subjects also had a lower 15 to 20 per cent MFP threshold. 
Because the stress stimuli imposed was the same for all subjects, the 
females would more likely be the first to be adversely affected by a 
build-up of biomechanic tensions • In other words, as subjects• energy 
. potential and waste product removal capability were found to· vary, their 
systemic stress adaptation tended to vary. 
In this VJay it is possible to explain why female· subjects reached an 
adverse level of systemic adaptation before males, as well as explain 
variation between subjects. Individual systemic stress response 
thresholds and adaptative ranges differed. 
There was the possibility that subjects• response to the stress or 
stimuli imposed varied slightly, depending on the degree to which they 
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engaged in the task. The degree to which subjects maintained their 
visual orientation would have influenced their biomechanic effort. As 
discussed previously, this in turn would affect the total amount of 
tension that developed. Depending on individual motivation, etc., 
there was the possibility for subjects to attend to 1 or ignore, the 
reading-writing task, as their natural stress adaptive signals developed. 
Subjects might:- (a) psychologically override the signal, (b) visually 
disengage from the task for intermittent periods and move or stretch, 
and (c) combine the above, by maintaining the greatest amount of postural 
shifting as possible, without stopping at the task. 
4.5.10 Conditions Tl and T2 as Biomechanic(Systemic Mechanism Stressors 
The lack of measured difference between the effects. conditions T1 and T2 
on subjects• systemic mechanism stress (i.e. as measured in terms of 
difference in EBC percentage change) is open to interpretation in the 
following manner. 
Both sedentary support-work surface configurations, despite their three 
essential differences (see p.l67) were STATIC BIOMECHANICAL STIMULI or 
forces, which interacted with the biomechanical structure of the subject. 
As the results of Experiment 4 indicated, either of these sources of 
biomechanic stimuli could upset the muscle tissues and the body's 
systemic homeostasis. The T2 configuration, overall, was found to 
impart a more direct and balanced static postural support, whereas the 
T1 configuration imparted. a more direct and unbalanced static postural 
support to the body. 
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Reviewing the previous discussion on condition T1 1 the non-ergonomic 
condition, attention should be drawn to two primary effects· with regard 
to the biomechanic interaction which took place. These were that:-
(a) subjects• postural imbalance, with respect to the vertical axis 
through their midplane, was found typically to be large in both the 
frontal and sagittal planes of space. The ramifications of this were, 
as previously discussed, that both asymmetrical (i.e •. oblique forces of 
strain) and residual biomechanic isometric tensions developed in subjects. 
There was a significant relation between degree of imbalance and degree 
·of systemic stress; (b) subjects• amount of postural movement of the 
head, shoulder and buttock regions with regard. to their vertical axis 
was substantial. To some extent movement was found to be greater in T1 
than in T2. There was some weak evidence that 1 on days on which condition 
T1 was applied, subjects• order of response for movement and systemic 
stress were similar. 
In condition T2 1 two primary factors with respect to postural behaviour 
stood out. These were that: (1) subjects• postural imbalance was 
virtually eliminated in the sagittal plane. It was less, in comparison 
with that found in condition T1 in the frontal plane, (2) subjects' 
amount of postural movement was less in condition T2 than in T1. 
The previous discussion (see pp.305 to 310)of the correlation tests 
relating to subjects• order of postural (i.e. imbalance and movement) 
response and their systemic stress was revealing (see Table 104 1 p.309). 
Subjects' order of postural response tended to vary in opposite directions, 
between conditions T1 and T2 1 with respect to the amount of systemic 
stress imposed. 
Thus in the light of the systemic stress model previously put forward, 
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and the above, it seems that there was a basic reason for the lack of 
a differential stress effect between conditions T1 and T2. 
Condition T1 imposed two main stress stimuli (a) restraint of reflex 
biomechanic balance, and (b) restraint of freedom of movement. Whereas 
restraint of subjects• biomechanic balance tended to be severe. 
Restraint of movement was probably somewhat overriden by subjects• 
efforts to adjust reflexly their visual orientation (i.e. focal distance, 
etc. ) within reasonable tolerances. This effort was exhibited by 
thrusts of subjects• feet against the floor and of their arms, back and 
buttocks against the configuration to move their head-trunk in space. 
The purpose underlying subjects' movement was presumably variable and 
included reflex attempts to relieve biomechanic strain and isometric 
tensions (e.g. wriggling) and(or to correct the imbalance in their visual 
orientation. In condition T1 the latter was most often exhibited. Thus 
the increased amount of movement was likely to have had an inhibiting 
· effect 1 on isometric tension build-up by virtue of the added phasic muscle 
contractions wnich could provide relief in terms of slight vascular bed 
dilation. 
In condition T2 there presumably must have been one main biomechanical 
stress- This took the form of static restraint of reflex biomechanic 
movement freedom, because the visual orientation problems of condition 
T1 were effectively eliminated in condition T2. The factor behind a 
great deal of subjects• postural shifting was effectively eliminated as 
well. As correlation tests on postural balance suggest, the smaller 
the postural imbalance in condition T2 1 the greater the subjects' systemic 
stress. It seems as though, in condition T2 1 because of the fitting of 
the configuration to the individual, and the use of the 20 degree sloped 
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work surface, far more biomechanic movement freedom was restrained than 
had been in condition T1. Thus there was an additional amount of iso-
metric tension build-up or lack of tension relief. 
Postural movement exhibited by subjects while engaged in condition T2 
must have been indulged in primarily for the relief of muscular tension. 
Correlation test evidence (see p.309) reinforces this, for as subjects• 
stress response tended to increase, their amount of postural movement 
increased as well. It can be recalled that the opposite of this 
occurred in condition T1. 
Thus it seems very plausible that for what was gained in terms of better 
visual orientation, etc. 1 and better biomechanic orientation or balance 
in condition T2 1 there was also a loss. This loss involved the 
additional restraint of biomechanic movement freedom. It is conceivable 
that condition T2 would not have been systemic stress inducing if it had 
provided for the reflex biomechanic movement freedoms of the subjects. 
Ill Health and Static/Sedentary Body Support 
In the light of the model given to explain the results of Experiment 41 
and the Literature Review gi van at the beginning of this thesis 1 the 
factors lying behind health problems and associated with sustained 
sedentary activity seem relatively self evident. 
Health problems most often associated with sedentary life were cate-
gorised in the Literature Review (see pp. 13 to 17) 1 as (a) neuro-
muscular fatigue and hypertension, (b) biomechanic and visual deteriora-
tion, and (c) chronic diseases. 
As previously stated on a number of occasions, maintenance by the body 
of an optimal homeostatic environment is basic to its well-being and 
health (see p. 45). At the centre of this maintenance are the hormones 
which control the body's systemic homeostasis (seep. 58). All the 
body's cells are influenced by this control, directly or indirectly. 
The corticosteroid hormones, because of their overall function in energy 
and water regulation, are of major importance in this control. 
Those conditions in the body which can upset systemic homeostasis have 
been described by endocrinologists (Harris 1 1955; and others). Further-
more, the strong influence which the corticosteroids exert and the con-
sequent changes they can produce during conditions of homeostatic im-
balance have also been established (Selye, 1956; Dubos, 1967; and. 
others). 
The health implications of a systemic stress condition developing in the 
body, particularly when it reaches the GAS level (i.e. adverse) are 
understandable in terms of changes which precede, and effects which 
follow it. It is clear what physiological changes cause such stress 
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(viz, significant increases in corticosteroid demand). 
It is also clear how the body reacts to these changes in terms of the 
syndrome of systemic stress (Selye 1 1956). 
A full discussion of all the variations in ill health which may develop 
when systemic stress occurs from sedentary activity is inappropriate 
at this point in the thesis. An account has already been given in the 
Literature Review, on how the body adapts overtly and non-overtly, to 
stress, particularly with respect to the histomorphological effects of 
corticosteroids. Briefly, it was stated that:-
(a) The relationship between systemic stress and neuromuscular health 
problems arising from sedentary activity is clear cut. Backache 1 and 
many similar problems, such as hypertenion and headache, are all con-
ceivably influenced by imbalances in electrolyte function in cells 
accompanying systemic stress response changes. The daily repetition of 
systemic stress could lead to cellular damage in areas of the body with 
the greatest build-up of isometric tension. This could weaken muscular 
support in particular regions of the body1 such as the lower part of the 
back. The results of this vary and include phenomena such· as pinched 
nerve fibres, due to deterioration of vertebrae and muscles, etc. (see 
Brown, 1972; Rowe 1 1969; and others). 
(b) The relation between systemic stress and biomechanic health prob-
lems arising from sedentary activity are closely tied to the phenomena 
mentioned above. Biomechanical deterioration, as mentioned, could 
develop as an indirect result of the after-effects of systemic stress. 
This could take the form of malfunction of muscle tissue and temporary 
or permanent asymmetrical alignment of the body. Postural twisting in 
static/sedentary body support activities is conceivable because uneven 
use of muscles would necessarily throw greater stress on one side of 
the body than the other. This enhances the possibility of localization 
and concentration of systemic stress effects which may show as asymmetric 
muscular and skeletal adaptations. 
(c) The link between systemic stress, induced by static/sedentary body 
support activity, and chronic diseases is recognizable, Dubos (1967) 
has said that when the body undergoes a GAS 1 a rapid increase in fatty 
acid levels usually accompanies this response. An increase in choles-
terol levels also occurs during such stress conditions (Thomas, 1958). 
The cumulative effects of both are well known in such conditions as 
arteriosclerosis. Thus static/sedentary body support activitr may, in 
an indirect way, be a contributary factor in· cardio-vascular problems. 
All people who engage in sustained visually centred tasks are susceptible 
to the deleterious health effects inherent in static/sedentary postures. 
As previously discussed, individuals are probably able to adapt differ-
ently in terms of systemic stress levels to the same static biomechanic 
stimuli. Thus the effect various sources of stress will produce in 
individuals' health in the long run will also vary. 
... There are 5 basic groups of visually.centred task activity. 
(1) 2-dimensional near, 
(2) 2-dimensional far, 
(3) 3-dimensional near, 
(4) 3-dimensional.far, and 
(5) any of the above in combination. 
These are:~ 
People who engage in these activities while relying on static body support 
for sustained amounts of time (3 hours in particular) and over long time 
spans such as· 6 months (Harmon1 1949) are likely to be susceptible to the 
390 
deleterious health effects poor body support can induce. Examples of 
groups of people who are most susceptible include:- office workers, 
typists, students, air traffic controllers, pilots, vehicular operators, 
telephone operators, assembly line workers, machine operators and wheel-
chair disabled. 
4.5.12· A Summary of the Results Obtained in Experiment 4 
(1) both the non-ergonomic (T1) and ergonomic (T2) conditions induced 
adverse levels of systemic change as measured in terms of -40 per 
cent difference in EBC change. These data were confirmed by those 
relating to change in urinary corticosteroid material (see p.64 and 399). 
(2) the systemic stress responses in conditions T1 and T2 were not 
statistically different. Overall there tended to be less of a 
stress response in condition T2 (see pp. 2:;;6, 299, and 301). 
(3) male and female subjects tended to react in different ways, with 
females exhibiting greater systemic stress (seep. 229 and 234). 
(4) The systemic stress changes measured seemed.to be valid. This 
interpretation was reinforced by finding that the amount of 
systemic stress induced varied with subjects• metabolic rate. 
Subjects with lower metabolic rates tended to exhibit greater· 
stress responses (see p. 43 and 300). 
(5) with regard to systemic stress, subjects tended to respond in a 
similar order in condition T1 and T2 (see p.299 and 303). 
( 6) subjects 1 visual localization and orientation were differently 
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affected by conditions T1 and T2. The 20-degree sloped •10rk 
surface in condition T2 Has the more beneficial in terms of occular 
functioning (seep. 265 .and 266). 
(7) in terms of visual localization and orientation, subjects 
responded in similar orders in conditions T1 and T2 (seep. 307). 
(8) the mean amount of sedentary postural movement exhibited by the 
head and shoulder region Has greater than that exhibited in the 
buttock areas in both treatment conditions (seep. 272 and 273). 
(9) the mean amount of postural movement (exhibited in the 3 eo-
,;.. 
ordinates of space) Has about the same for conditions T1 and T2 
(seep. 269 and 276). 
(10) no strong correlation between the amount of postural movement 
exhibited and subjects' systemic stress response was found. 
However, there was some evidence that subjects who tended to·move 
more in condition T1 also had a greater·stress response. The 
reverse tended to occur in condition T2 (seep. 282 and 309). 
(11) there was strong evidence that subjects who showed greater 
systemic stress response in condition T1 also exhibited greater 
postural imbalance (in both the frontal and sagittal planes with 
respect to the vertical axis of their midplane). The opposite 
relation, but weak 1 occurred in condition T2 (see p. 277 and 309). 
(12) no differential effect between condition T1 and T2 was found in 
terms of the subjects• comfort responses (see p.283 and 287). 
(13) subjects were less comfortable at the end of the 3 hour treatment 
test periods in both conditions T1 and T2 1 than they had been at 
the beginning (see p.287). 
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(14) the seat used in condition T2 was rated significantly better than 
that used in condition T1 (see p.283 and 288). 
(15) there was strong evidence that in condition T1 subjects fell in 
opposite orders >rith respect to their comfort and their syst~mic 
stress responses 1 as comfort increased their systemic stress increased. 
Weak evidence was fdund indicating that the reverse of this tended 
to occur in condition T2 (see P·3ll.and 312). 
( 16) there was no significant difference in subjects' performance at 
the reading and >rriting task between conditions T1 and T2 (see p.293), 
(17) there was strong evidence that subjects who showed stress response 
in condition T2 produced poor performance. The same tendency 
occurred in condition T1 1 but was not significant (see p.313). 
Conclusions Based on the Results Obtained in Experiment 4 
The following conclusions are offered:-
(1) Adverse levels of systemic change (i.e. stress) can be measured 
accurately and reliably in subjects while engaged in a sustained, 
visually centred task,wh:ilit using a static/sedentary support-work 
surface configuration. 
(2) Both non-ergonomic and ergonomically designed, static/sedentary 
support-work surface configurations, when used to maintain a 
visually centred task 1 such as reading-writing, can induce an 
adverse level of systemic change (i.e. stress response) in the 
individual, with a slight tendency for the non-ergonomic to do so 
more often and to a greater extent. 
393 
(3) Visual orientation is affected by changes in the slope of reading 
and writing surfaces. 
(4) Carrying out two-dimensional nea~vision tasks (reading-writing) 
on a horizontal work surface (as used in the non-ergonomic condi-· 
tion) can increase the amount of visual-postural imbalance, parti-
cularly in the sagittal plane. 
(5) Postural imbalance (in both the frontal and sagittal planes) and 
adverse levels of systemic change are associated. Stress increased 
as imbalance increased in the non-ergonomic sedentary condition. 
The reverse occurred in the ergonomic sedentary condition. 
(6) Greater comfort after a sustained visually centred task, Whilst 
having used an ergonomically designed static/sedentary support work 
surface configuration, rather than a non-ergonomic configuration, 
did not occur. 
(7) Comfort responses and lack of adverse SYstemic change are not 
associated. 
(8) Performance decrease and increases in the amount of adverse 
· systemic change does not oecur. 
Based on the evidence obtained in this experiment and literature reviewed. 
earlier in this thesis, tentative answers can be given to the five 
questions put forward in the Introduction. These are:-
(1) Variations in man's sedentary body support, in a. static sedentary 
work situation, over a sustained period of time, do not necessarily 
affect his physiological functions differently in terms of adverse 
levels of systemic change. However, variations in body support 
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tend to change his postural position and presumably the kinds of 
muscular/skeletal tensions that are·maintained. Variations in 
body support could have permanent biomechanical side effects. 
(2) Variations in the slope of work surface directly affect man's 
visual orientation when engaged in a 2-dimensional near vision 
task 1 and thus indirectly affect his biomechanical balance. This 
in turn can affect the amount of systemic stress which develops, 
presumably due to changes in isometric muscular tension. In this 
context, the ergonomically designed work surface is more suitable. 
Thus variations in work surface could have temporary and permanent 
effects on the biomechanic muscle tension build-up and homeostasis 
of the individual. 
(3) Systemic stress changes, particularly at the adverse level, as 
measured during a sustained, static/sedentary support visually 
centred activity vary with particular individual characteristics. 
These include sex, occupational background (i.e. non-sedentary and 
sedentary) and individuals' metabolic rate. Neither ergonomic nor 
non-ergonomically designed support configurations substantially 
override the effects of individual variation. 
(4) Variations in physiological function (in terms of both poor 
occular functioning and adverse levels of systemic change) do not 
necessarily correspond with variations in subjective feelings or 
task performance. 
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POST SCRIPT 
After the thesis had been written, the opportunity occurred to carry out. 
a very limited experiment (Experiment 5) in~olving thre~ subjects who 
had taken part in Experiment 4. 
It seemed plausible to support that some of the deleterious effects 
which had been caused by both the T1 and T2 conditions might have been 
alleviated if the 3 hours of sedentary activity had been interspersed 
with some physical activity (i.e. dynamic muscular contraction). 
Accordingly, the three subjects were brought back to the laboratory and 
underwent condition T2 again for a three hour period1 except at 25 1 55 1 
85 1 115 1 145 1 and 175 minutes after the onset of the test periods relief 
activity was provided on a cycle ergometer. The total load imposed was 
120 watts (including 60 watts for friction), and subjects were required 
to cycle at 60 rpm for three minutes every time they sat on the ergometer. 
In addition to those measures taken in Experiment 4 1 heart rate was taken 
by monitoring radial pulse. The pulse was taken whilst the subject was 
engaged in the sedentary task and also during the cycling activity. 
· · :The reading and 0-i ting material used i~ the sedentary task was different 
from that used in conditions T1 and T2 1 but equivalent in length and 
difficulty. 
Very briefly the results were as follows:-
(a) the negative difference in. EBC percentage change 1-1as on average 
much reduced, compared with condition T2 in experiment 4. Thus 
for the same subjects, systemic stress exhibited in terms of 
difference in EBC percentage change was much lower in Experiment 5 
than it was in condition T2. · 
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(b) a comparable result to that given in (a) above Has obtained for 
17-steroids. In fact the corticosteroid results indicated a 
dramatic reduction in systemic stress, as compared with condition 
T2 1 for the same subjects in experiment 4. 
(c) significant improvements took place in measures relating to visual 
and postural behaviour. The angle of vision to the work surface, 
focal distance, and visual symmetry, were better than in condition 
T21 in E-xperiment 4. Subjects' body movement was less; on 
average the amount of postural balance exhibited was the same. 
(d) subjects' subjective responses were much more positive than they 
were in condition T2. It is interesting to note that none of 
the subjects felt that the intermittent cycling activity was 
physically tiring or interfered with task performance in the Cloze 
Procedure. 
(e) Performance at the<,reading/writing task was better than it was in 
condition T2. Despite the fact that subjects had 18 minutes less 
in Experiment 51 they got through more material to a higher stan-
dard than they did in condition T2 1 in Experiment 4. 
The results of Experiment 5 are extremely interesting and indicate a 
possible direction in Which research may proceed in the future when body 
support systems associated with sedentary tasks are evaluated, 
It may be possible to design ergonomically, a seat and work surface for 
near vision tasks which enable subjects to carry out reading and writing' 
activities for long periods of time without exhibiting the effects of 
systemic stress. On the other hand 1 this may not be possible, however 
good the design of the seat and work surface, so that subjects ~ 
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engage in intermittent physical activity to dissipate stress substances 
and to relieve other deleterious effects. These possibilities merit 
detailed investigation in the immediate future in view of the importance 
of the results in practical situations where sedentary work is undertaken. 
---------------------------------------------------------------------- ·------ --~--------
APPENDIX 1 
A description of the methods used in Experiments 1 to 5 to take blood 
specimens from subjects and to obtain counts of HBC and EBC per cu.mm 
of peripheral blood. 
Blood Measures of Systemic Adaptation 
Accommodation of the total white cells blood count (WBC) and eosinophil 
blood count (EBC) chemistry is considered to be an indication of adverse 
or unhealthy biochemical condition, and not simply adaptative, When a 
subject's recorded count for a given period of time changes by -40 per 
cent or more, compared with the change which the individual subject 
normally demonstrates for the same period of. time. Such a negative 
change in counts has been well established (see Thorn 1948, Best 1952, 
Hill 1956, Selye 1956, Acland 1956, Diem 1962, and others), and has 
been shown to vary in proportion to extent of ACTH injection. A -40 
per cent or more EBC change is said to be representative of an abnormal 
increase in the secretion rate of adrenocortical hormones, and or 
histamine from the peripheral tissues, beyond diurnal or random varia-
tion (see Banner 1952, p. 634 1 and Diem 1962, p. 490). 
· -- WBC and particularly EBC have been used in various fields of research 
as an indirect biochemical means of measuring adrenocortical hormone 
secretion or responsiveness. Several variations in measurement tech-
nique have been developed. The most consistent, accurate and suitable 
technique found was used in the present investigations. 
As will be discussed, the method used tvas practised and refined before 
and during the first three preliminary experiments. Not until the 
investigator was found to be proficient in skills required for taking 
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specimens and calculation of counts, did final usage of the technique 
begin in EXperiments 4, and 5. The investigator's blood count 
skills were verified by a competent and qualified physiologist tech-
nician and by a hospital haematologist. 
The determination of WBC and EBC by the propylene-glycol aqueous stain 
technique was found to be the most direct and accurate to use. The 
main advantage of this technique over others is in being able to do 
simultaneous counts of the WBC and EBC. This has been well estab-
lished by: Randolph (1949) 1 Henneman (1949) 1 Best (1952, 1953) 1 and 
Acland (1956). 
The Blood Specimen Technique 
The following blood specimen collection, storage, count and calculation 
techniques and procedure, found to work best for the investigator, are 
given in their order of application • 
. 1. Blood Specimen Collection and Storage. 
1. 1 The subject soaked one of his hands in a warm water bath for 
two-three minutes before, having the specimen taken. 
1. 2 The hand was dried with towelling. A finger-tip of the subject's . 
choice was cleansed with a sterile swab, a slight film of haemo-
lube applied, and then the finger stabbed with a disposable lancet. 
1.3 The first blood droplet formed was wiped off. Only the following 
droplets were drawn into the "Weber" white cell blood pipette up 
to the 0.5 marking (see Fig. 8 1 p.79 ). 
1.4 Special care was taken not to draw air bubbles in with the drop-
lets of blood, see Appendix 4 1 p.409) for the standard precautions 
taken. 
1.5 The phyloxine-glycol staining fluid was made up follo~<ing the 
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Henneman, Wexler and Westenhaver (1949) method and consisted of: 
phyloxine .05 g, distilled water 50 ml, and propylene glycol 50 
ml. The staining fluid was drawn into the pipette as well, 
until the total .dilution reached the 11 mark on the pipette. 
This gives a 20 times dillution of blood (see Appendix 4, p. 409). 
1.6 With finger over the back end of the pipette, the dilution was 
vigorously shaken for at least a minute. The 1:20 blood/stain 
dilution was emptied into a labelled blood specimen tube, after 
one or two drops were discarded. No anti-coagulant was found 
to be necessary because of stain used, 
1.7 The specimen was placed upright inside a covered box and 
refrigerated within fifteen minutes of its being obtained. 
1.8 After usage the pipettes were rinsed out with a 4-10 per cent 
acetic acid and then rinsed with methylated spirits, shaken and 
blo1m until "bone dry". After every six uses a pipette was 
cleaned in a hot water detergent bath. 
2. Specimen Counting Procedure 
2,1 Within five hours of first collection, the three blood specimens 
of the day were counted for EBC and total WBC. 
2.2 Each sample was sequentially removed from the refrigerator, 
allowed to reach room temperature, and then shaken for at least 
one minute. 
2.3 Blood dilution is drawn into a disppsable capillary tube, first 
two drops discarded. Then the double chambered haemocytometer 
(see Fig. 8, p.79 ) was filled with the dilution. 
2.4 The haemocytometer's cover slip had been positioned with a 
slight pressure to keep it from shifting. 
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2.5 The haemocytometer and its cover slip Here cleaned after each 
set of counts, with methylated spirits and lens tissue. 
2.6 The filled haemocytometer was positioned level on the microscope 
platfonn. There the dilution was allowed to settle for at 
least ten to fifteen minutes before the counting procedure began. 
2.7 Counting Has done with microscopic magnification at 400 power. 
Counts began by scanning the central field of the top chamber of 
the haemocytometer from top to bottom, and left to right (see 
Fig. 8., p. 72). 
2.8 A simulated double chamber, count recording sheet (see Appendix 
5, p.4ll) was used for each specimen to register the number of 
cells found in each portion of the double chamber. 
2.9 All full bodied EBC and all other (non-specific) WBC found in 
the ruled central area were recorded. The WBC and EEC (cell) 
structures were round-shaped, with the WBC typically appearing 
as "white and ghost like" and the EEC typically appearing as 
"orange to pink with a granular nucleus". 
2.10 The four equal, surrounding areas of each chamber were also 
scanned for EBC to minimize error. This . was done because 
"Assuming the technique is perfect the chance distribution of 
eosinophile in the counting chamber is an intrinsic source of 
error in counting." (Best, 1953, p. 702). The mean value for 
the total number of EBC counted in the five areas of the chamber 
was then calculated. 
2.11 A total of three, two chamber counts were recorded for each blood 
specimen. Thus a six chamber count mean, for each specimen, 
was calculated. 
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3. Blood Count Calculation 
3.1 Calculations began by taking the recorded or raw WBC total for 
each chamber, and converting it into a real count by using the 
standard formula for a 1:20 dilution (see Appendix 4 1 p.409). 
3.2 The raw EBC average for each chamber was divided by its raw 
WBC to determine what per cent of the tota1 1 the EBC repre-
sented. The percentage of EBC (x) 1 the calculated WBC total 1 
equalled the. number of EBC per cu.mm of blood in that specimen. 
(Multiplying the number of EBC found on average in a chamber by 
a factor of 40 could be used as an approximate check on the 
count calculation.) 
3.3 An additional specimen count was done in accordance with Acland 
(1956) if one of the counts calculated varied more than plus or 
minus 25 per cent from the mean of the .. six counts. 
Analysis of Blood Cell Calculations 
According to Acland (1956) 1 besides (a) rhythmic variation, EBC are 
subject to the (b) random error of counting procedure, (c) biological 
variations and to (d) alterations in.daily basal levels. A statistical 
analysis by Acland (1956) 1 of these four sources of variability, con-
cluded that the geometric rather than the arithmetic means should be 
used to analyze EBC 1 because "variations in eosinophil count had been 
shown statistically to be proportionate in character". Others, sue~ 
as Best (1953) 1 have analyzed EBC data with logarithm probit methods. 
The log technique gives a statistical estimate of the median EBC value 
and limits within which the 95-percentile occur. 
Since the WBC and EBC values obtained in the experimental investigations 
L----------------------------------------------------~-- -
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tend to have proportionally equal daily variations, but showed an 
uneven distribution (see example, ,F;i.g. 33, p-.213 ) , log values were 
established for all the absolute blood cell means (log transformation 
values were used in Experiment 4 only, see Example, Table, 36- p.2l7 ). 
It can be shown that the logarithmic transform of the EBC values signi-
ficantly minimized the four sources of variation, mentioned above, and 
that such a transfer of counts can be accepted as normal. Therefore, 
in doing the statistical variance analysis (in Experiment 4) of the 
replicate EBC values, the geometric means were used. But to indicate 
the biological variation between time periods, the absolute or arith-
metic mean values were used and expressed in terms of percentage of 
change. The percentage of change expression has been widely used and 
found to best represent variations between times by Best (1952, 1953) 1 
Acland (1956), Hill (1956) 1 and others. 
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APPENDIX 2 
Experiment 1- 5. Identification, and Name of Supplier is given for the 
majority of equipment and materials typically used throughout the 
research investigation. 
1. Photography 
1 • 1 Mamiya 111000-TL'' camera with a 1: 1. 8 / 55 mm Sekor lens .• 
1.2 Zeiss Icon "AG-20751211 with a 2.8/ 50 mm Tessar lens. 
1.3 (2) photax 18 inch cable releases. 
1.4 (2) 24 volt, D.C. solinoids, 
1.5 (1) Edlin1 D.C. 24 volt power supply unit 1 type 6258. 
2. Environmental Monitoring 
2.1 Hygrometer (whirling) 1 by Casella1 London. 
2.2 Casella dry-wet bulb temperature scale. 
2.3 Lightmeter1 by Megatron Ltd., U.K., type C-7 1 model 4555· 
2.4 Thermometer, by Baird and Tatlock Ltd. 1 London, type Zecol dry 
bulb Globe thermometer, by Baird and Tatlock 1 type JEJ-5575. 
2.5 Sound Level Meter, by Bruel and KJaer 1 Naerum 1 Denmark, type 
2203 1 with. octave filter set type 1613. 
3. Blood sampling and analysis 
3.1 (2) White cell blood counting chambers (haemacytometers), by 
Weber and Sons Ltd. 1 Lancing, England, type "double cell 
improved naubauer", with metalized platform ruling (B.S.I. 748). 
3.2 (2) White cell blood pebble pipettes, by Weber (B.S.I. 748). 
3.3 Lancets, by Steriseal 1 Redditch 1 England. 
3.4 Blood specimen tubes, by Buodynamics Inc., Indianapolis 1 USA, 
cat, No. 5105. 
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3.5 Hemo-Lube 1 by Merz and Dade 1 Bern, Sl<itzerland1 tY}le AG 3018. 
3.6- Capillary tubes (heparized) 1 75 mm length 1 by Sherwood Medical 
Industries, St. Louis, USA, cat. no. 21110. 
3,7 Injecta-Swabs 1 with 7o% saturated isopropyl alcohol, by Smith 
and Nephew-Southalls Ltd., Wel wYn Garden1 England. 
3.8 Phyloxine Glycol Stain; made up of 50 mg of phyloxine (B) No. 
p-2729 1 50 ml of distilled water, and 50 ml of propylene glycol. 
Phyloxine by Sigma Chemical Co. 1 St. Louis 1 USA. 
3,9 Microscope, by Cooke Troughton and Simms Ltd.! York 1 England, 
type No. ml51655 1 with lens; A-7809 (40 x .65). 
4. Urine specimens and analysis 
4.1 Corticosteroid Kits, by Clinton Laboratories, Santa Monica 1 USA 1 
type: (17-hydroxycorticosteroid) cat. No. CS-800. 
4.2 Resistance tubes and rubber stoppers, by Griffen and George 1 
Birmingham, England, 
4.3 Quick~fit test tubes and stoppers, by Griffin and George 1 Cat. 
' 
No. Bl9/26 and B24/29. 
4,4 Micro-folin pipets 1 by Dade 1 Div. American Hospital Supply 
-··- calibrated T.C. 0.1 and 0.2 ml. 
.....-------~--·-·. '·· --- ·------ -· 
Corpn. 1 Mianii 1 USA 1 type: 
·-
4.5 Balance, by Spoerhase A.G., Giessen, Germany, type: ·Mettler 
H-4 1 No. 107253. 
4.6 Colorimeter, by Unicam 1 Cambridge, England, type: sp-1300 with 
filter No. 3 a Ilford No. 624 1 495-575 mu and filter No. 4 a 
Ilford No. 625 1 510-590 mu. 
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5. Miscellaneous 
5.1 Smiths (60 minute) timing clock, England. 
5· 2 Stop Watch, by Leonidas 1 Switzerland, type: trackmaster. 
5.3 Cycle ergometer, Zentralwerkstatt 1 Gottingan G.1LB.H. 
5.4 Type: Fahrrad-ergometer No. 6510. 
5.4 Lighting fixtures, by Thorn Lighting, Leicester, England. 
5. 5 Florescent Tubes 1 by Cryselco 1 Belgium, type: 65 >ratt 1 MCFF 
delux warm white AJ 3000 deg. K. (See Appendix 31 p. 408 ). 
5.6 Light diffusers, by Izora1 Slough, England, type: double skin 
"PVC" diffusers with upper skin a natural, 9o% light trans-
mission, and the lower skin a day light blue, 57% (high 
diffusing) light transmission. 
5·7 Photographic background paper. Silver Tone No. 30 
No. 93. Made by: Superior Special ties Inc. 1 Appleton1 
Wisconsin. Distributed by: Top Line Imports, London. 
Retinoscope, static type 1 electric (battery powered) comprised 
of a silvered mirror and central aperture. Made by 
London Optical Co. 
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APPEN1liX 3 
Experiment 2-- 5. The "Cryselco" delux warm white fluorescent tube, 
as used in the test enclosures light (diffuser) unit, colour 
temperature is 3000 degrees kelvin. The tubes C.I.E. bands and per 
cent of light in the different colour bands are as follows: 
Colour Frequency per cent of light 
Band 1 Light violet 380- 420 NM ,007 
Band 2 violet 420- 440 NM .300 
Band 3 blue 440 - 460 NM .100 
Band 4 blue green 460- 510 NM 2.400 
Band 5 green 510- 560 NM 35.800 
Band 6 yellow 560 - 610 NM 45.800 
Band 7 light red 610- 660 NM 14.900 
Band 8 dark red 660- 760 NM .810 
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APPENDIX 4 
A Loughborough University, Dept. of Ergonomics and Cybernetics biology 
lab work sheet on white cell blood count procedures and precautions. 
THE WHITE CELL COUNT 
The method of obtaining the blood sample for this count is exactly the 
same as for the red cell count, but in this case the blood drop is 
drawn into the White cell or "white pebble" pipette up to the 0.5 mark 1 
then diluted with Tuerks fluid to the 11 mark. (1% Glacial Acetic Acid 
to lyse the red cells - tinged with Gentian violet, to stain the white 
cells). This gives a 20 times dilution of the blood. Dispel the 
first few drops 1 as before, and the haemocytometer chamber is filled 
in the same way as before and the cells counted. 
N ; No. of white cells in 16 sub-squares 
I 3 N 10 400 No. of white cells mm ; i'6 x depth x ~ 20 x dilution = 
Range: 6 x 103 to 12 x 103 cells/mm3 depending on state of 
health and exposure to common infectious conditions. 
Sources of Errors in Counting~ 
Errors in counting may be due to the following factors:-
(1) 
(2 
(3 
(4 
~~ 
( 8) 
(9) 
Squeezing inte~cellular fluid the site of the puncture 
when filling the pipette. 
Insufficient blood being drawn into the pipette. 
Too much diluent , being drawn into the pipette. 
Insufficient mixing in the pipette. 
Using the first fluid expelled from the pipette. 
Insufficiently well filled counting chamber. 
Undue delay in performing the count after filling the 
counting chamber. 
Uneven distribution of cells in the counting chamber. 
Inaccurately calibrated pipettes (not common occurrence). 
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Faulty counting technique (a common occurrence), 
Saliva in the mouthpiece increasing dilution. 
Errors in calculation!! 
Abnormally high counts may be due to:-
(1) 
(2) 
m ~~l (7 g 
(10) 
Using the first drop of blood expelled from the site 
of the puncture. 
Too much blood being drawn into the pipette. 
Insufficient diluent being drawn into the pipette. 
Insufficient mixing of the blood diluent suspension. 
Overfilling of the counting chamber. 
Uneven distribution of the cells in the counting chamber, 
The inclusion of yeasts and particles of dust in the count. 
Inaccurately calibrated pipettes. 
Faulty counting technique. 
Errors in calculation. 
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APPENDIX 5 
An example of the simulated double (white and eosinophil) blood cell 
counting chamber, recording sheet 1 that• was us·ed in experiments 1-6 in 
order to register the number of cells found in the haemocytometer when 
it was under microscopic power. 
Subject 
------ Subject No. ---- Treatment. ____ Date __ _ 
Amount of blood 
total 
) 
total 
) 
total 
( 
total 
( 
1.3 Total average 
the two counts 
Amount of stain~-------- Dilution._ ______ __ 
total 
( ) 
total 
) 
total 
Top Counting Chamber 
1.0 Number of white cells ----
2.0 Number of eosinophils -------
1.1 Calculated nUmber of white 
cells per cu.mm of blood 
WBC. __________ _ 
2.1 Calculated number of eosinophils 
per cu. mm of blood. 
Eosinophils, ____________ _ 
Bottom Counting Chamber 
( ) 1.0 Number of white cells~---
·. 
-
-
( total ( ) 
2.0 Number of eosinophils ________ _ 
1.1 Calculated number of white 
cells per cu.mm of blood. 
WBC----------~ 
2.1 Calculated number of eosinophil 
cells per cu.mm of blood. · 
Eosinophils. __________________ _ 
Both Counting Chambers Total 
for WBC in 1.2 Total number of white cells in 
the two counting chambers 
per cu.mm 
2.3 Total average for EBC in 2.2 Total number of Eosinophils in 
the two counts the two counting chambers. per cu.mm 
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APPBNUIX 6 
Experiments 3 - 5 • Tasks can be divided into four primary categories, 
based on their effects and demands on the human subject. The follow-
ing analysis was carried out to understand better the various kinds 
and degrees of demands present .in a reading-•;riting task. 
Task Description 
The use of mental skills by the individual in the manipulation of 
symbolic information in order to derive information from the printed 
material, and then actively putting the derived and thus desired con-
cepts into a symbolic form by hand. 
Physical Demand 
The individual is usually seated. Visual acuity is required for near 
two-dimensional perception, together with three dimensional near eye-
hand coordination. 
Mental-Sensory Demand 
The degree of mental attention required varies according to the 
difficulty of the material content and its impact on the primary 
sensory inputs (visual and tactile/kinesthetic) for the individual. 
Time Demand 
The time requirements for thinking varies with the task and the 
individual. Amount of time for which the activity is carried out· 
varies, depending upon individual motivation and amount of concentration 
required, and possibly upon whether the task is considered to be work 
or pleasure. 
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Environmental Support 
Various degrees of solitude will be required by individuals. A work-
surface, postural support configuration, writing materials, two~ 
dimensional literature, are commonly used. 
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APPENDIX 7 
Urinary Corticosteroid (1 7-steroid) Measure of Systemic Adaptation 
Change in urinary 17-steroid compounds is considered an indirect suppor-
tive indication of plasma corticosteroid level, and thus of adrenal 
cortical activity or amount of ACTH being secreted. Diem (1962, p. 475) 
indicates that, "secretion of ACTH by the pituitary varies in inverse 
proportion to the corticosteroid titer (reactive· amount) of the blood". 
Migeon (1956, p. 632) also indicates that 17-steroid excretion in the 
urine follows the same general curve of variation as that of plasma but 
is delayed about two hours. Sufficient increase in the secretion of 
ACTH (energy regulating hormone) to ensure the stimulation of the pro-
duction of adrenal cortical (corticosteroid) hormones has been found to 
be essential when an adverse change occurs in tissue maintenance, the 
blood chemistry or systemic environment (see Literature Review, p.58 to 60). 
This indirect accommodation measure was considered to be a supportive 
indication of systemic stress, not simply adaptative, when an increased 
change in its recorded material or weight excreted occurred against the 
individual subject's norm. Thus to be sure that eosinopenia occurred 
due to increased activation of the adrenal cortex, and thus that a grea-
ter level of corticosteroids in the blood existed, this measure was 
recorded. 
Urinary 17-steroid material, as well as EEC determinations, as indirect 
indicants of corticosteroid content in the blood plasma, are both found 
to lag in response to changes in corticosteroid titer. The exact 
amount of their response lag in terms of time varies and is controversial. 
Studies in the literature are difficult to interpret because of: (a) the 
different purposes for which the measure is used, (b) various kinds of 
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tasks involved, and (c) various health conditions of. subjects used. 
However, a 4 to 8 hour response lag for the urinary 17-steroid measure 
and a 2 to 6 hour response lag for EBC measures can be found in the 
literature. Thus both these measures must be projected back, from 
their respective time of sampling, in order to obtain a good indication 
as to a subject's previous 17-steroid blood level (see Best, 1953; 
Migeon1 '1956; Diem, 1962; Hortling 1 1964 1 and others). 
The use of urinary corticosteroid excretion in conjunction with 
eosinophil analysis is well documented (Hill 1 1956; Migeon1 1956; 
Diem, 1962; and others). The technique has been primarily used in 
occupational medicine, physical education and clinical studies. 
Verification of the relationship between the two measures has been made. 
Hill (1956 1 p. 270) states: "A quantitative relationship exists 
between the percentage of change fall in circulating eosinophils and 
the rise in total 1 7-hydroxycorticosteroid material in the urine •••• " 
The Review of the literature suggests that the strength of this relation-
Sftip varies according to the degree of stress or level of cortex activa-
tion. Although eosinophil levels primarily vary with systemic change 
it is said that eosinopenia can be partially influenced by medullary 
changes 1 CRF inhibition of corticosteroid action (Diem, 1962 1 p. 475) 1 
or altered steroid metabolism. Thus the measure was to be used solely 
to indicate any changes in the overall adrenal cortex activity, and if 
significant eosinopenia occurred, that it had been primarily mediated 
by such change. Diem (1962 1 p. 490) indicates that eosinopenia does 
not by itself suffice to determine adrenocortical function and for this 
purpose should be combined with a chemical determination of corticos-
teroids in the blood or urine. 
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Several technique variations of measuring excreted corticosteroid 
material exist; (a) Norymberski .(1953) 1 (b) Porter and Silber (1950) 1 
and (c) Reddy (1954). Since (b) and (c) were said (Clinton1 1964) to 
also include 20-ketosteroid compounds or not react to various corti-
costeroid compounds, they were not pursued. The Norymberski (1953) 
technique was said (Clinton1 1964 1 and others) to be unstable and 
tedious unless permanently set up. Thus, in the hope of minimizing 
procedural errors, a corticosteroid kit, by "Clinton" which relies on 
a tetrazolium blue reagent and follows a procedure devised by Chen 
(1953) 1 Izzo (1957) and Recknagel (1959) was employed. The "Cl inton" 
technique was specified as determining •• "total 1 7-hydroxy-corticos-
teroids". The author's skill at carrying out the procedure was veri-
fied by a qualified biology technician, in the Ergonomics and 
Cybernetics Department at Loughborough, and also by a clinician at 
Derby City Hospital. 
The "Clinton" technique was followed as stipulated in the instructions 
pamphlet. After a great deal of practice, the technique could be used 
to produce consistent and measurable results.· 
The procedural order and method of carrying out the urinary corticoste-
roid measure is given below. The bracketed descriptions, apply 
directly to Experiments 4, and 5 only; other;Iise the description is 
general. 
1 • Urine Sampling Technique 
1.1 A urine sample(s) was collected at (three) specific times (per 
day for four days, in conjunction with two, 24 hour, sample 
collections) (see Table 20 p.l80). 
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1.2 The subject was given a large wide mouth plastic beaker to 
collect the urine sample in. 
1.3 Any overnight collection of urine was contained in a capped, 
half-gallon plastic container. 
1.4 All urine samples collected were measured in a 500 ml, gradu-
ated cylinder(s). 
1.5 After recording the volume. collected, a 25 ml aliquet was 
filled, stoppered, mixed, labelled, and then put in a freezer. 
1.6 For any overnight continuations of day sample collection (from 
approximately 2300 to 1030 the next day), subjects were 
instructed to keep the container free from contaminants, by 
capping, and storing in a cool place. 
were deemed necessary. 
No anti-contaminants 
1.7 Any overnight urine sample was measured, volume recorded, and 
the sum added to the previous day samples volume to determine 
the subject's total 24 hour urine volume. A 25 ml aliquot 
was then filled and frozen. 
1.8 (A total of fourteen aliquots were taken per subject, four from 
each norm day and three from each test day). Samples remained 
frozen between 1 to 4 weeks, before being analyzed. 
2. Urine Sample Assay 
Several aliquot (fourteen) samples, four hydrocortisone (a 
common member of the hydroxy group of compounds as shown in 
Fig. 24· 1 P•170) standards and one blal'lk standard (see Clinton, 
1964) were prepared for each group of sample assays. 
2.1 Samples were first removed from the freezer, thoroughly thawed 
and then vigorously mixed for at least one minute. 
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2.2 Before use all refrigerated chemicals and reagents were set 
out to reach room temperature. 
2.3 The appropriate laboratory materials and equipment were then 
set up. The Clinton technique, " ••• modified Norymberski" 
(Clinton1 1964), for determining the total 17-steroid by 
chemical breakdown of the urine was carried out using·the 
prescribed Clinton reagents and procedural checklist. See 
Appendix 7 1 p. 416. 
2.4 After the conjugated 17-steroid material in the sample of urine 
was hydrolized 1 and the tetrazolium blue reduced by the 17-
steroid1 the sample was measured for optical density on a 
"Unicam Colorimeter" 1 specifications given in Appendix 2 1 4.6 1 
p. 4o6. It can be shown that the optical density is proportional 
to the concentration of steroid material as read against the 
prepared standards. The optical densities were read against 
the prepared reagent blank at 100 per cent transmission, using 
filters No. 3 and 4 of the colorimeter. An experienced biology 
technician, routinely checked the readings being obtained, as 
well as preparation of the necessary reagents. Two readings 
per filter for each sample were recorded. A total mean, 
optical density for each sample was considered to represent best 
the 525 mu transmission suggested in the Clinton technique (see 
Table 58p.239}. 
The entire urine sample collection, storage, hydrolysis procedure, 
optical density reading and recording technique were consistently 
followed for all urine samples used in the investigation. 
Uncontaminated samples and clear steroid reagent solutions were 
obtained in nearly all instances. 
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(There was, however, often variation in the Clinton standards, 
and in optical density between subjects. Of particular concern 
was the lowness of some sets of standards. As a result, a 
different manufacturer's hydrocortisone standards were prepared 
and comparatively tested later) (see Fig. 42 p.343 1 and accom-
panying Discussion, p.342). 
3. Calculation of Urinary Corticosteroid (17-steroid) material 
Weight (mg) from Optical Density 
The weight of 17-steroid material excreted was determined for 
all urine samples collected by calculations j_nvolving: 
(a) the sample's mean optical density (see ,Appendix 91 p.424). 
(b) the average 17-steroid concentration per 100 ml of urine, 
(c) the volume of urine from which the sample came, and 
(d) the subject's body surface. 
3.1 A set of 4 standards and one blank standard were determined for 
each subject, to help minimize individual variation or error 
factors. Thus to begin 17-steroid calculation the mean optical 
density for each standard was plotted against the mg per cent 
it represented. To equate the differences between standards 
on the plot, a straight line equation was applied using the 
following formula (see example, Fig. 37 p.240). 
3.2 y- y -b +X~ X or unknown mg %. 
where y ~ recorded optical density of sample, and y ~mean of 
the equated standards, and x ~ mean of standard mg% 
X y X y 
xy-
n 
xy-
!1: b = 
L20.2 
~ when X = 6 
2 1 .8 
X-
n 
The above formula >~as applied to all recorded samples (see an 
419 
example calculation sheet 1 Appendix 10 1 p.l25). Although there 
was a substantial variation in optical density for each standard, 
the variation was about equal. (Furthermore, a straight line 
fitted to the data passed through origin at 0 1 0 ) (see FigA2. 
P·343) • 
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APPENDIX 8 
The Clinton (1964) Corticosteroid Kit, Procedural Checklist. 
1. Prepare blank and Standards 
1.1 Add 0.0 (blank), .20, .40, .60, .80 of the corticosteroid 
standard (21 mg per lOO ml) to glass stoppered test tubes. 
1.2 Dilute to a total volume of 7.0 ml with saline; by adding 7.0 
to 0.0 ml blank, 6.8 to .20 ml standard- 1 7 6.6 to .40 ml 
standard- 2 7 6.4 to .60 ml standard- 3, and 6.2 to .80 ml 
standard - 4. 
1.3 Add 1.0 ml concentrated HCL to all test tubes and continue as 
described. 
2. Prepare Urine Samples 
2.1 Add 1.0 ml of concentrated HCL to 7.0 ml urine in test tubes. 
2.2 Heat the tubes in a boiling water bath at lOO deg. C for four 
minutes exactly, making sure water is 100 deg. C. 
2.3 Cool tubes to room temperature in a cold water bath (five 
minutes only). 
2.4 Add 7.0 ml chloroform, stopper the tube and shake vigorously 
for sixty seconds, or centrifuge if necessary to separate 
aqueous layer. 
2.5 Siphon off the aqueous layer and discard (be sure this is com-
plete). 
2.6 Add 1.0 ml of 10 per cent NaOH to the tubes and shake 
vigorously for 20 sec. 
2.7 Siphon off the alkaline aqueous Layer with a suction tube. 
2.8 Add 5.0 ml of distilled water and shake vigorously in the 
stoppered tube for 20 seconds. 
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2.9 Siphon off the aqueous layer and repeat washing procedure 
twice more. 
3. Prepare the Chloroform Extract 
3.1 Pipette 1.0 ml of the chloroform extract from each of the 
standards and samples into appropriately labelled test tubes 
and then evaporate to dryness in water bath at 80 deg. C (be 
sure tubes are clean). 
3.2 Add 2.0 ml absolute alcohol to the dried chloroform residue 
and dissolve. 
3.3 Add 2.0 ml tetrazolium blue reagent (be sure it has reached 
room temperature). 
3.4 Add 1.0 ml of .03 N alcoholic NaOH (prepare fresh each day). 
3.5 Mix entire solution well and let stand for fifteen minutes 
exactly. 
3.6 After exactly fifteen minutes (using a .2 ml pipette) add .2 ml 
of 3.6 alcoholic HCL. 
j.7 Mix well and read in a colorimeter at 525 mu against the 
reagent blank set at 100 per cent transmission. 
A Reagents 
A1 Tetrazolium Blue Reagent (Clinton) supplied as a vial containing 
stable dri.ed reagent sufficient for 20 tests. Reconstitute the 
contents of the vial with 40 ml of absolute ethyl alcohol. Add 
5 ml quantities of alcohol to the vial from a graduated cylinder, 
mix in the sealed vial and pour off the solution into an amber 
bottle, with the aid of a small glass funnel. Repeat this 
several times until a quantitative transfer has been made. The 
reconstituted reagent is stable for 1-2 months under refrigeration. 
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A2 Corticosteroid Standard (Clinton) supplied as hydrocortisone 
in a stable dried form. Add 10 ml absolute ethyl alcohol from 
a volumetric pipette to prepare the standard with a concentration 
of 21 mg per lOO ml. Dissolve by mixing in the closed vial. 
Stable for 1-2 months after reconstitution if stored in the 
refrigerator. 
A3 3.6 per cent Alcoholic Hydrochloric Acid - add 10 ml concentrated 
hydrochloric acid to 100 ml absolute ethyl alcohol. Stable if 
stored in the refrigerator. 
A4 0.03 N Alcoholic Sodium Hydroxide (prepare fresh just before 
use) -Dilute 6 N sodium hydroxide with absolute ethyl alcohol. 
This solution is unstable. 
A5 Physiological Saline. 
A6 10 per cent Sodium Hydroxide. 
A? Absolute Ethyl Alcohol. 
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APPENDIX 9 
Experiment .4. Example of the data sheet used to record the optical 
density of:the urinary corticosteroid (17-steroid) concentration for 
one subject on two norm days (Nl and N2) and two treatment te~t days 
(Tl and T2). The optical densities for all samples and standards (s) 
were read against a reagent blank. 
Subject: NICK Subject No. 8 Treatment: Nl, 2 Tl, 2 Date: Ap.l-6 
Samp.l 
No. i 
S1 
S2 
S3 
S4 
Time 
of 
Sampling 
Nl-1 1330 
Nl-2 1700 
Nl-3 2100 
Nl-24: 1030 ) 
;Next day) 
N2:...1 . 1330 
N2-2 1700 
N2-3 2100 
~2-24 !. 1030 ) 
Next day) 
Tl-1 !1330 
Tl-2 ! 1700 
Tl-3 i 2100 
T2-1 l 1330 
T2,-2 (1700 
T2-3 2100 
No.3 
.017 
.034 
.046 
,062 
.on 
,106 
.035 
.075 
.065 
,080 
• 056 
.055 
.044 
.121 
.096 
.025 
.049 
.010 
0 tical Densit 
'No.3 ave. 
.012 
.025 
.038 
'.052 
.087 
• .on 
.035 
.065 
.• 059 
: .072 
•• 049 
.• 048 
•• 044 
.no 
.088 
.023 
.045 
.065 
on Filter s 
l ! No. 4 ave. 
Total 
Average 
.0145 
.0295 
.0420 I .0570 
! 
i 
.092 
.1015 
.035 
.070 
1
1 
.062 
I ,076 
! .052 . 
I 
I 
I 
.051 
.044 
.115 I 
i 
. ! ,092 
! .024 
.047 
.0675 
Equated Std's Std's mg% (.ll P>tllOt'J :» g. ::< g. 0 1>4 '"d 
ES1 .0147 .6 = .0088 EY .1428 b {. 2628} - {. 2142} p., >-; 'd ~ X = = '-'· u. c:+ ([) ES2 .0287 1.2 = .0412 y .0357 1 .8 CD 1-3 ([) 1-'• l-1 X = 0 N 0 0 l-'· t:j 
ES3 .0427 1.8= .0768 EXY .2628 do 
....-c-ros H 
X = .. tll CD >< 
ES4 .0567 2.4 = .1360 EY .2142 (.0270) 0 do ::< X = = ;:< CD do ~ 
.1428 2628 N ~ c+6.;::.. 0 = = 
mrdm2LHR R 
::.>: 1-'· • 
SAMPLE ( ) mg ~ mg[ml x Vol. TOT.mg 0 p., - -
-
N1 - 1 X = .0220 - .0357 + 1.5 1.87 3.0 
(.ll 50trJ g. ~1'1>4 
1330 .0270 u. "' Ill 
3.585 .03585.x ·no 6.094 = 1.086 "' p., <+ 'd = = - 0 P> "' 1-' 
"'" '<36"' N1 - 2 X = .1012 - .0351 + 1.5 " 3.5 ~ ,_,. 0 
1700 .0270 
,: ~p.,~ ~~ 3.237 .03237 X 121 4.163 - 0.727 ~ 0 = = = El " 
" 4.0 
P> P> t-' 
N1 
- 3 X = .0350 - .0357 + 1.5 ::< <+ Ill p.,ro<+ 
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.. 
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«-• 
1330 .0270 8 o-;'-.p. CD 1:>' ro 
= 2.474 = .02474 X 187 = 4.626 = 0.824 P> >-; "'" "'"~"' 8 ~ "' ~ N2- 2 X = .0760 - .0357 + 1.5 " 3.5 "' ::< 1>4 1-'· 
1700 .0270 t:j <+ 0 "' >-; ,_,. 
= 2.292 .02292 X 121 - 3.621 - 0.553 ~ "'""'"' 
"' 
~ et rrq 
N2- 3 X .0525 - .0357 1.5 1.87 4.0 .. c:+p,.c+ = = 1:>' 
2100 .0270 ~ P,H)CD P> 0 
2.122 .02122 X 225 4.774 - 0.638 . ';3 >-; ~ = = -
t-' 0 1-'· 
I ~"'"' 
"' 
8roP> 
~ >-; 
"< 
.,.. 
[\) 
V1 
mg/_m2(..HR 
:» 
SJ\MPLE (O.D.) IDfl: :& mg(..m1 Vol. T.O.T.mg: '"0 = X = - t_:g 
N2- 24 X = .0212 - .0351 + 1.5 1.87 13.5 ~ 1030 ,0270 N 
NEXT DAY = 2.085 = .02085 X 120 = 15.013 = 0.594 1-' 0 
T1 
-
1 X = .0440 - .0321 + 1.5 24 HR. TOT. = 28.034 11 3.0 ....... (") 
1330 .0270 0 
- 1.801 = .01807 X 511 = 9.235 = 1.646 ~ p. 
T1 
-
2 X = .1155 - .0357 + 1.5 11 3.5 
. 
~ 
1700 .0270 
= 4.425 = .04455 X 142 = 6.326 = 0.966 
T1 
- 3 X = .0220 - .0351 + 1.5 11 4.0 
2100 ,0270 
= 3.282 = .03282 X 131 = 4.211 = 0.626 
T2- 1 X = .0240 - .0357 + 1.5 11 3.0 
1330 .0270 
= 1.066 = ,01066 X 285 = 6.232 = 1.112 
T2- 2 X = .0470 - .0327 + 1.5 11 3.5 
1700 .0270 
= 1.218 - .01218 X 313 - 6.004 - 0.217 
T2- 3 X = .0672 - .0357 + 1.5 " 4.0 2100 ,0270 
= 2.677 = .02672 X 180 = 4.819 = 0.644 
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Experiment 4-5. The data sheet used to record results obtained from 
monitoring the test enclosure's environment on each test day. 
Subject. ____ Subject No._ Treatment _____ Date ___ _ 
(photo-1) 
(photo-2} 
(photo-9} 
05 min. Sound Pressure Levels (SPL) at 
(dBa) 31.5 63 125 250 500 1K 2K 4K 8K 16K (hz) 
SPL at 4K (dBb) SPL at 4K (dBc) 
07 min. Illumination Level (ideal of 2K lux= .32 or 5K lux= .13) 
2K lux 5K 1 ux.__ _____ _ 
15 min. Air Temperature and Humidity 
12 in. from the floor = deg.F. wet bulb. __ _ 
50 in. from the floor = deg.F. dry bulb, _and, .. 
--- deg.F. wet bulb. Relative humidity=----
81 min. Sound Pressure Levels at: 
(dBa) 31.5 63 125 250 500 1K 2K 4K 8K 16K (Hz) 
SPL at 4K (dBb) SPL at 4K ______ (dBc) 
83 min. Illumination Level 
2K lux;.._ ____ _ 5K lux _______ _ 
(photo-10) 91 . m1n. Air Temperature and Humidity 
12 in. from the floor = ---- deg.F. wet bulb. __ _ 
50 in. from the floor = ---- deg.F dry bulb and 
93 min. ____ deg.F. wet bulb. Relative Humidity=----
(photo 17)161 min. Sound Pressure Levels at : 
(dBa) 31.5 63 125 250 500 1K 2K. 4K 8K 16K . (Hz) 
SPL at 4K (dBb) SPL at 4K ______ (dBc) 
163 min. Illumination Level 
2K 1 UX;.._ ____ _ 5K lux. _____ _ 
(photo-18) 111 . m1.n. Air Temperature and Humidity 
12 in. from the floor = deg.F. wet bulb __ _ 
50 in. from the floor = deg.F. dry bulb and 
______ deg.F. wet bulb. Relative Humidity= __ _ 
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Experiment 4-5. An example of the questionnaire that was used to obtain 
control, pre-test and post-test, subjective response measures, 
Subject ___ _ Subject No. __ Treatment ___ _ Date. ____ _ 
1. Pre-Test Control Questions 
1.1 Have you been able to follow precisely the instructions relating 
to the previous 72 hours? ~ I !I£. 
1.11 If no, in what manner(s) did you have to deviate? 
1.12 (fill in at appropriate time) During 1330-1700 on 
your Norm Da;y: ; did you sit and work (sedentary 
-
activity demanding visual centring) for more than a 
total of 1 hour but less than 2.5 hours? ~ 1'1!2. 
1. 2 Have you taken any medicine, pills or drugs in the last 72 hours? 
!!:!!. I !I£. 
1.21 If yes, what kind(s)? _______________ ___ 
1. 22 If yes, how much? ________________ _ 
1.23 If yes, when? 
1.3 How many hours of sleep did you get three nights ago? ___ ~hours, 
two nights ago? __ ....;hours, and last night?_hours. 
1. 31 Are these normal amounts for you? ~ 11'!.2. (if under 
a total of 18 hours, eliminate the subject). 
1.4 When did you finish eating last? (time please) ________ _ 
1.41 Was this a 1_argei!YJlicall!2_malllmeal for you at this 
time of day? 
1.5 Have you had any alcoholic drink today, or within the last 72 hours? 
res I Ho (only record the •today' response on overall 
data list) 
428 
APPENniX 1 2 ( contd.) 
1.51 If yes, when-_ __ , what kind·-----~--- and 
how much------------------------~drink? 
1.6 What activities have you been involved in since you got up today? 
0730-0830 
. 0831-0930 
0931-1030 
1031-1130 
1131-1230 
1231-1330 
2. Pre-Test Subjective Response Questions 
2.1 Have you been feeling ill during the past 72 hours? 
xes I !O (you yes, eliminate) 
2.11 Also, if subject is a female: has your period started 
in the last 72 hours? xes 1 !o (if yes, eliminate) 
2.2 Do you feel physically fatigued? xes I Eo 
2.21 If yes, in what part of your body?----------
2.3 Do you feel physically tense? !es I' !o 
2.31 If yes, in what part of your body? ---------
2.4 Do you have any aches or pains? Yes I !o 
2.41 If yes', in what part of your body?-----------
2.5 Do you feel mentally: !_lert I Q.alm I _gelaxed I !:!,pset I Q.onfused I 
!ervous _or fatigued (which of the above best_ describes your 
condition?)? 
2.6 Do you feel any apprehension about taking part in today's 
experiment? xes I Eo 
2. 61 If yes 1 can you describe why? ____________ _ 
L-----------------------------------------------
429 
1. 
-----·------
APPENDIX 12 ( contd.) 
2. 7 Do you feel in any upset or apprehensive about the manner in >lhich 
finger-prick blood sample was taken? res I No 
2.71 If yes, can you describe why? ____________________ __ 
2.8 Do you feel comfortable? res I !O 
2.81 If no 1 why not? 
3. ·. Post Test Subjective Response Questions 
3.1 Overall, do you feel comfortable? zes I No 
3.11 If no
1 
describe why not? __________________________ _ 
3.2 Do you feel physically fatigued? Yes I No 
- -
3.21 If yes, in what part of your body? 
3.3 Do you feel physically tense? zes I Eo 
3.31 If yes 1 in what part of your body? 
3.4 Do you have any aches or pains? !es / Bo 
3.41 If yes 1 in what part of your· body? 
3.5 Do your eyes feel strained? res 1 f!o 
3. 51 If yes 1 would you describe the strain as: Mild/ 
Moderate/ or £evere? 
3.6 Do your eyes feel tired? Yes/ No 
- -
3.61 If yes 1 would you describe the tiredness as: !:!.ild 1 
!oderate / or £evere? 
3. 7 Do you feel mentally: !lert / .Q_alm I ,!!elaxed I Qpset I .£onfused I 
Nervous / or !:_atigued (which of the above best 
describes your condition?)? 
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4. Post Test Evaluation of the Treatment Condition Questions 
4.1 Did you find the reading and writing task given in the experiment: 
Interesting I ~ninteresting I ~timulating I or ~oring ? 
4.2 Did you find the reading and writing task: !asy I ~ifficult? 
4.21 Would you describe your performance at the task as 
being probably: Qood I £:air I ,Eoor I !l,ad. 
4,3 Can you recall whether at any time during the experiment, anything 
distracted or disturbed you? res 1 go 
4.31 If yes, describe what--------------
4.4 Would you say the seating you used was: Excellent I Q_ood I £:air I 
,Eoor I !l,ad I ~nacceptable 
4.41 Briefly describe why --------------
4.5 Would you say the table (work surface) you used was: Excellent I 
Q_ood I _Eair I ,Eoor I !l,ad I or Qnacceptable 
4.51 Briefly describe why--------------
4.6 At any time during the experiment did you feel: cold (res I go ) 
a draught (res I go ), warm (res I go) 
4.7 Did you feel that the lighting falling on the table, on which you 
perfonned your task was: Excellent I Qood I _Eair I ,Eoor I ~ad I 
or Qnacceptable 
4.71 Briefly describe why --------------
4.72 At any time during the experiment did you feel that 
the illumination was: glaring (res I go), or produc-
ing shadows (res I go) across your task I or table ? 
431 
APPENDIX 12 ( contd.) 
4.8 At any time during the experiment did you feel that the noise 
level was: too high (res I Eo), or too low (res I Ho) 
4.81 Overall would you say the sound level was: ~cellentl 
.Q_ood I !:air I f.oor I ~ad I or :g:nacceptable 
4.82 Briefly describe why ____________________________ ___ 
5. Additional Post Test Questions for Experiments 5 and 6 
5.1 T2-RA (Treatment-two, with Relief Activity) Post Test Questions 
Did you feel that the relief activity given during 
the test was strenuous or tiring? Yes I Eo 
Please qualify. ________________________________ __ 
5.12 Do you think that having to do the relief activity, 
during the test, upset your overall task performance? 
res I Eo 
Please qualify ________________________________ ___ 
5.2. T2-FS (Treatment-two, with Fuller Support) Post Test 
Questions. 
5.21 Did you feel that the 'Bead-formed Seat' was actually 
moulded around you from your upper back, to your 
. buttocks and thighs? ·res 1 rro 
Please qualify ________________________________ ___ 
5.22 Were you able to readily shift about in the 'Bead-
formed Seat• as you desired? Yes I rro 
Please qualify ________________________________ ___ 
5. 23 If No 1 did you feel that you shifted about or ~;ere 
restless during the test any~<ay? res I Eo 
Please qualify ________________________________ ___ 
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(Experiment 4. See pocket on the back cover) 
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Experiment 4. Example of an answer sheet for the Cloze Procedure task. 
Subject. ____ Subject no. ___ Treatment ______ Date __ _ 
RESCUING RUSSIA 1 • 1 38 76 
1 39 77 
2 40 78 
3 41 THE WATERLESS JOHN 1 . 
4 42 1 
5 43 2 
6 44 3 
7 45 4 
8 46 5 
9 47 6 
10 48 7 
11 49 ·s 
12 50 9 
13 
. 51 10 
14 52 11 
15 53 12 
16 54 13 
17 55 14 
18 56 15 
19 57 16 
20 58 17 
21 59 . 18 
22 60 19 . 
23 61 20 
24 62 21 
25 . 63 22 
26 64 23 
27 65 ' 24 
28 66 . 25 
29_ 67 26 
30 68 27 . 
31 69 28 
32 70 29 
33 71 30 
34 72 31 
35 73 32 
36 74 33 
3l 75 34 
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Experiment 4. An example of the health questionnaire and visual 
screening, recording form. 
Subject. _____ Subject No. __ _ Treatment. ______ Date. __ _ 
1. Subjects Physical Variables 
1. 1 Age __ Birth date. _____ Sex. ___ Race. ___ Cultural Back-
ground Occupation (how long) __ 
(per day) _____ Educational Background';_ _________ _ 
Qualifications. ___________________________ ___ 
1. 2 Body-type: Short-broad / Short-Slender / Tall-Slender / Tall-broad' 
or Other / Handiness, Right/left / Knee Crease 
Ht._cm. Distance: elbo•· to 3rd joint of middle finger cm. 
Weight kg, Height cm, Body surface sq.m. 
approximate metabolism rate(DIEM 1962) Kjjsq.m./hr. 
1.3 Overall, do you consider yourself as being physically: V. Active/ 
Active / Mod. Active/ Partially Active / or a Sedentary / type person! 
2. Subjects General Health Condition 
2.1 Any major health problems in the past or present? (such as, diabetes, 
blood or coronary diseases, kidney or urinary disfunctioning, pitui-
tary malfunctioning or skin disease of any kind) Yes / No 
2.1.1 If yes, describe. __________________ __ 
2.2 Any knowledge or signs of chronic infection? Yes/ No; Past/Present 
2.2.1 If yes, describe. __________________ ~-
2.3 Any knowledge or signs of chronic fatigue? Yes /No, Past/Present 
2. 3. 1 If yes, describe.---------------------
2.4 Any history or signs of nutritional difficulties? (such as vitamin-C 
deficiency, etc.) Yes/ No, Past/Present 
2.4.1 If yes, describe. _________________ _ 
Do you have any disorder that upsets or.makes your 
metabolism different? Yes/No (if yes, describe). __ _ 
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2.4.2 Any particular food stuffs which you purposely exclude 
from your diet? Yes/No (if yes, describe) _______ __ 
2.4.3 My daily meals are prepared by: Myself/University/Other 
2.5 Any past history of severe asthma or bronchitis? Yes / No 
Past / Present 
2. 5. 1 If yes 
1 
describe. ______________________ __ 
2.6 Any known allergies or allergic disorders? Yes/No 1 Past/Present 
2.6.1 If yes, describe'---,--------------------
2. 7 Any knowledge or signs of being "nervous" or hypertensive? 
Yes / No 1 Past / Present 
2.7.1 If yes, describe~------------------
2.8 Any known or signs of hearing difficulty? Yes/ No, Past/Present 
2.8.1 If yes, describe, _________________ _ 
3. Subjects General Postural Condition (based on observation) 
3.1 Any major problems or complaints of having: neckaches /backaches 
back injury / migraine headaches / or any biomechanic handicap7 
· 3. 2 Subjects postural character and behaviour: 
4. 
4. 1 
4.2 
3.2.1 Subject moves and carries body weight (description) 
3.2.2 Postural warpage or twisting noticeable? Low shoulder 
(right/left) / round shouldered/ short arm {right/left) 
/ none noticeable. 
3.2.3 Abnormality in the lumbar curve? flat. curve /scoliotic 
curve / kyphotic ;urve / normal curve. 
3.2.4 Lower extremity warpage or twisting? knock knees / 
bowlegged / other ______________ /none noticeable. 
Subjects Visual Condition (based on a complete optometric exam) 
Date of Examination~-----------'Optometrist ________________ __ 
Subject wears glasses? Yes/ No (if yes, examination carried out 
with glasses being worn). 
APPENDIX 15 (contd.) 
4-3 
4-4 
4-5 
4~6 
4-7 
5-
Subject is Hyperopic? Yes I No, Amount of Hyperopia~ ____ d.iop. 
Subject is Myopic? Yes I No, Amount of Myopia~--------- diop. 
Subject is Astigmatic? Yes I No, Amount of Astigmatism~--~diop. 
Occular muscle imbalance? Yes I No, Amount of ------------
Subject has_more than three-fourths a diopter total deficiency? 
Yes I No (with no more than one-fourth diop. astigmatism included). 
Overall Health Screen Evaluation for the Subject 
Health condition has been judged to be: satisfactory I slightly 
deficient I unsatisfactory I for experimental testing (confirmed 
by Dr. E. Hamley). 
5.1.1 If slightly deficient, and acceptable for testing 
give reasoning~---------------------------------
6. Overall Visual Screen Evaluation for the Subject 
6.1 Visual condition has been judged to be: acceptable I unacceptable 
I for experimental testing (confirmed by A. J. Phillips). 
6.1.1 If slightly deficient, and acceptable for testing 
give reasoning----------------------------------
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Experiment 4. An example of a postural alignment data sheet that was 
used for photography and sedentary support-work surface configuration 
adjustment. 
Subject. ________ _ Subject No. __ _ 
T1 (treatment one, represents the mean of the standard office seat 
work-surface configuration available in Britain). 
T1 Measurements Date. _______ _ 
Height of the .located and marked anatomical· points on the subject· when 
they are seated in the prefixed seating include: 
Acromial point ____ ( ) Hip joint ___ = ( 
Hip joint ___ (. + ) (.....,2-) = 
)cm 
____ cm (or) 
camera's adjustment ht. 
T2 (treatment two, represents the mean of the most recent ergonomic and 
BSI recommendations for office seat work-surface configurations). 
T2 Measurements Date 
-----
Height of the located and marked anatomical points on the subject when 
they are being seated in the adjusted seating include: 
s•s knee crease 
---
( - ) 3.8 cm 1 seat compression = ( ) or 
the seat pan's front edge adjustment ht. With full thigh support being 
provided and feet flat on the floor, measure the following: 
Acromial point~--- ( ) Hip joint~-- = ( 
Hip joint 
camera's adjustment ht. 
Post T2 1 measure the following adjustments that had been made: 
seat-back depth = _____ cm work-surfaces back edge ht. 
----cm. 
438 
APPENDIX 17 
Experiment 4, The biplane photography sequence anQ environmental 
monitoring (EM) scheQule that was followeQ for each subject under 
conditions T1 and T2. 
Photograph No, 
A 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
E.M. 
E.M. 
E.M. 
E.M. 
E,M, 
E.M. 
Time Cameras are Fired 
Approx. 1340, familiarization 
1 min. after start 
10 If If If 
20 If If If 
30 If lt If 
40 If If If 
50 If If If 
60 If If If 
70 If If If 
80 If If If 
90 If If If 
100 If If If 
110 If If If 
120 If 
" 
If 
130 If 
" 
If 
140 If . 
" 
If 
150 If 
" 
If 
160 If 
" 
If 
170 If " If 
180 If 
" 
If 
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AM-1 APPENDIX 13 (eicaJ!ll'l:_o~the C~()ZE!;Procedure Task). 
/INSTRUCTIONS Read tl;~--i,;ilowing series of passages and; a) fill in on the corresponding 
j 
answer sheet and line number, only the one, word, hypenated word, apprevlation or numeral 
etc.,that is missing and blank, b) fill in every blank if possible, guess i.f uncertain; 
c) skip hard blan!{S and come back to them later, <~nd d) fill in bl<~nk even if unsure of 
the spelling. The total number of corrects per total given· will determine the task score. 
Rescuing 
Let us nor be very I!Opejul 
our human conquest over nuture. 
· euch such victory, nature 
take her reve_nge. 
-Friedrich Engels 
25 
26 
27 
28 
29 
For years, Soviet leaders..ignored 
, warning. Dams built. new 30
1 
. lands opened, and the five-. 3 
rolled on one after the other-all 
that a country can industrialize in 32 
great . ~. BUt as in other 33 
riations, 'the cost : Russia's ecology 34 
. been great. For years Russia· 
· a news .blackout about the relentless 
7 ploitation of' natural resources. 35 
8 5. Western journalists tried to confirm 
1 reports of ecological ~6 
9 tion. they met only bureaucratic J 7 
about Soviet laws, decrees 38 
0 1 decisions to safeguard; .. -
Now the news blackout is lifting. ;(_9 
vi et reporters· __ scientists have re<cer<t-1 ~0 
ly been allowed to de,;cnibe-:wd 
-Mother '"'''"o>l 41 
Mother Nature with 42 
--· -, presumably because the 
ject is essentially apolitical, and 43 
troubles have become 
rious to hide. The · . that e~:·~~~~ !44 
shows that centrally controlled e< 4 5 
· ic planning _ ·no guarantee of an un- · 
spoiled environment. 46 
Impotence. Russia has a plethora 4 7 
of environmental laws, they are not 
being enforced. The revelation clearly 48 
Kussians. An official report 4 9 
from Estonia excoriates the · 
Economy Minister for "complete- pas- 50 
siveness and impotence"; he not 
make chemical and pulp plants install 51 
antipollution required by law. J2 
lzvt<.~liu is complaining about a ·,.. 53 
plan( that has illegally "poi- 'i' 
soned" the air of- , near Tbilisi. S3 
In Russia"s far north, Pravda savs. . 56 
oil-drilling crew did not take "thC most 
, precautions" to avoid polluting 
the Pechora River. · 
It is the old dilemma familiar to cap- I 
italistic. . -: production v. pollu-
tion. Soviet managers are paid bonuses )63 
· reaching or exceeding official quo- 1 
tas on production. Thus factory man-~ 
ager will gladly pay a small fine 
to $600) for polluting on the way to I 6 a generous premium ($6,000 to ' 66, $12,000) for meeting goals. i 7 
Even though the state. not the market, i 
. prices on goods, Soviet planners a~d j ga 
managers are· reluctant to ra1se 1 9 
costs of production by employing \ 
safeguards. i 
The extent of damage rather than 
the causes · ·, to horrify Soviet re~ 
porters. Strip-mining, which accounts 
· about 75% of the U.S.S.R.'s man-
ganese output a~d ' of its coal, has 
become a favorite target. the 
Ukraine, the Literary Gazette reports, 
one mine -. turned its surroundings 
into "a lunar landscape." Another .· , 
was described as so destructive that "to 
restore would need 50,000 
years." The article quotes.. a 
mine manager as saying "\Ve are wag-
ing an . · .. -war"with the earth." 
Russian critics are also challenging 
timbering practices. '·\Ve. to care 
for our forests,'' a forestry official 1 z 
3 
,' 
Ca-spian Sea and to slake the 
· !ossa! thirst" users along the 
to turn rivers.. flowing north to 
Arctic Ocean southward. Some. 
.scientists fear that without 
usual supply of- -frozen fresh 
ter reaching the northern seas, the 
icecap will recede-and the consequent 
melting will. _ · ; the world's seacoasts. 
Cleanup. As if to stamp their ap-
. proval on new outburst of public 
. concern, the Soviets have ; to take 
remedial action. Most recenily they an-
nounced Russia, like the V:S. and 
Great Britain, will · up an environ~ 
mental-protection service to police air 
, . water pollution throughout the na-
tion. Beyond that, the ~ ·_ will 
spend over S 1 billion to cle<in up 
Volga and Ural drainage basins, $840 
million for · . facilities in 420 
factories, and $360 million for··· 
treatment plants in 15 cities. At lrktitsk. 
new ~"- treatment plants .. have al-
ready made the Angara River. 
N.F. Salatsky says. "as clear as a · 
tears." It will be many years, how-
ever, before . same can be said about 
· other Russian rivers. · · years of I 
headlong industrial development have 
left the . Union with a gigantic 
cleanup problem. 
The Waterless John 
in Pravda. "But now we are mainly lum-
berjacks." ' in a nation with 30% 
of the world's the annual ov-
ercutting, four experts warn, means that 
'' . exhauStion of forests reaches far-
ther north every '' The results: 
. "Erosion is intensifying. river levels fall-
ing <:limate changing for the worse." 
Every time a toilet is flushed, about 
five · --. of water sweep a pint of 
human waste , the sewage system. 
This prodigious waste of good .-. has 
long upset dedicated environmentalists. 
4 , Indeed, after the . of a pollu-
5 tion-frce car, a better toilet ··.has 
Russia has its problems with water 
too. Dams irrigation networks on 
the rivers feeding the landlocked 
and Aral seas ha\'e diverted so 
inuch water . the sea levels have 
dropped alarmingly over the dec-
ade-by 10ft. in the Aral alone. . sci-
. entist says that the only way to restore 
9 
0 
1 
12 
been their No. 1 priority. 
A new process quaintly called Aqua 
Sans may - · the answer. It was created 
by the Chrysler . in response to a 
request by the U.S: for an im- I 
proved \vay to handle wastes aboard ! 
.. '"\Ve didn't want anything to go 1 
overboard," says · _ ·. Loom is, project 1 
manager of Chrysler's \vaste treatment l -~ 
systems Michoud, La. "'\Ve decided 1 
we had to hjve. closed-loop system~~3: j 
RM-:-1 cont. ___ _ _ ___________ __:_ __________________________ _:__ ________ _ ---·- -~ 
13 
14 
it 
1'{ 
18 
19 
20 
21 
22 
23 
~g 
26 
27 
28 
29 
37 
Easier said than done. The biggest 25, 3,500 tons sidewalk- and lawn~ 
hurdle, Loom is , was to find a re-· 2b: fouling feces and 9.5 milfion -~· ·. · ·_,,Or 
usable flushing substance: "We· -- 27 i urine. When the animals die, say the c 
an oil-like fluid that was lighter than· :~ · -- -:, "tons of dead animals are buried 
_ that would be readily separable 28- in city- - , incinerated, or sent to 
from water and ;·had a very low sol- 29 rendering plants to be·-'"' ~. ground 
ubility for most components'. human 30 and useP in fertilizer or cattle feed"-
waste." The perfect product turned out at some large cost to society. 
to -::·very like one that was in the bath- Clearly a decrease in America's pet 
. . cabinet all along: mineral oil. 31 1 population is· -for, conclude Djer~ 
When the waterless john is flushed, 32 _ assi et Ul. But how to .~it? The 
this specially .> mineral oil and ' death ·rate is alreaEiy astonishingly high 
wastes go into a separator.- •. L There,l33-4'·•the U.S.-12% of all pets are put _ 
urine and solids sink to the bottom,: ' death each year in private· and public 
are sent to a holding tank, where they 35: pounds~ (. contr~st, the British, .who 
·eventually burned in an almost pol~ 30 hav.e, proportionately, about the <-
lution-free, 1200° . incinerator that number of oets as Americans, destroy 
leaves a residue of sterile ash: . oil it- }7 Only 1.6% ·.·' i:heir dogs and cats in such 
self is filtered, chlorinated and returned ,28 shelters.) Logically, -::·final solution is 
odorless -· the toilet tank to be used 3 9 · a lowering of the birth ·- --, This can 
again. And : Over a year, just 5% ALFuo ElsENsutot-LIFf 
of the mineral 1 is lost in the process. 
Aqua Sans systems. have been 
adapted to existing . · ·-- '::- ~ in Mount 
Rushmore's visitor center, a New York 
' and a naval barracks at Annap-
olis, Md. They· ,,_welL But right now 
Aqua Sans is too · .. ~'to be wide-
ly used. Each flush costs .St ( .. 035~ 
for a conventional toilet). Still, it fills -
definite need in places with plenty of 
business --" · scant water supplies: for 
example, in desert gas· ·--:- -;or moun-
taintop rest rooms, and, of course, on 
1. 3 Pet Pollution. 
1 
2 
~ 
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Now that Americans have espoused 
planned parenthood, shouldn't -._,.. 
pets also? An article in the current Sci-
ence and Public "· --- 1, a. respected sci-
entific magazine, asks that question inl 
seriousness. The answer is yes, ac-
cording to the · .. · _.., Chemtst Carl 
Djerassi, Veterinarian Wolfgang Jochlell 
and Andrew - a medical student. 
The first two are also executives at 
Syntex, a firm that prodUces contracep-
tive 
The scientists reckon that there is a 40 
pet -,, explosion in the U.S. 
There at ready are as : as llO.mil- 41 _ 
lion cats and dogs in America, · . ,._ 
equals rnore than one dog or cat for 
:wo humans. Every hour, between 4 2 
2.000 and 3,500- and kittens are 43 
born (v. 415 human babies). ; au-
thors make no Malthusian projections 4·~ 
of a continent· with strays. They 4 J 
do, however, have a finely 'sense 
of the economics of pets. 46 
Just to feed U.S. cats and dogs costs 4 7: 
, owners some $1.35 billion a year, 
say the- .. So much pet food is ~8 
consumed (6 billion .. a- year) that 49 
horse-meat supplies are running .. I 
Private and public shelters destroy 1 5.0 
about 13.3 million ... and cats a year 1 '1 
-at a cost of -$lOO million. In[ 
addition, at \east $50 mHHon · spent 52 
yearly to control rabies and other pet-i 53 
related problems. I 
Then there are the environmental i 54 
burdens. Every day, authors esti-155 
_ mate, America's dogs alone pr~-~~-~~J 56 
DOG-WALKING IN MANHATTAN 
Make I hem seXfess. 
be done in a surprising number -./-ways, 
including ovariohysterectomies, vasec- · 
tomies and various as yet · : :~.:i­
contraceptive pills. 
Many pet owners, however, are un-
willing to interfere ·, ._:_, their pets' sex I 
lives, either because of the-._ ·,·~or be-
cause of what the authors call'·psycho- I 
logical ·." They speculate that 
"many people regard their pets _ -·fam-
ily members and are horrified at the 
concept •. ·taking sex away.' Some male 
owners may want :·pets roaming 
and impregnating as an unconscious 
protest · ·- ., the sexual restrictions 
society and morality impose on · ·. ---~." 
In spite of such psychological hang-
ups, there is .. answer: sexless pets. 
While no experiments have yet ·~ ·. -i 
conducted with dogs and cats, the au-
thors report rats have been made 
asexual by testosterone and .. :;·:in~ 
jections at birth. Sexless dogs aud cats 
may- next. Pet owners can only hope 
that the little sexless creatures will 
be warm and furry · : loyal. 
433b 
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, 1 More Light on light 2
2
1 f~rence t~·. . . . . calcul.ating the pre:;17 I t~e bu:ned fuel residues. :··· rotary en-! 
Almost as Jong as there have been B c1se landmg Stte of an astronaut,~ as-:· 1 g1nes h!ce the Wankel. the same effect! 
1 scientists, . has been tryinc. to mea- tronomers studying immense celestial:.18 1· achit:ved not by reciprocating pistons! 
2 sure the speed . light. In 1'638 Ga- 29 distances w~ich are measured · Jight:218 1 b_ut by a ... · . rotor. As it revolves in~ 3 lileo stationed a brace of ... 'bear- years. Most tmportant of all, man wilL : stde a spectally shaped . . , the' 
ers on hilltops and tried to t
1
me their 30 · · :-amoreexactknowledgeofthelim-:21 'rotor is able to perform all the ... l 
4 -with no luck at aU. Since then 31 its an?-· · dimensions of the universe' I strokes of a piston .engine: inductiori,! 
5 Danes, . and Americans hav~ 32· of whtch he occupies• _ -small a part. 1~22 j! compre~sion, i$~ition ._ . · ;· e~haust. Thel 0 succeeded m narrowino down the .. . . · .. . newengme,ongtna11yconcetvedb-yKa.,. 
.· to generally accep~ed modern-day 2.2 Rotary with 0 Twist :23 , rol · get more ~erformanceout ofmo-7 fi~~res, !-mt the ·· .·, for greater pre... . . . ;24 · torcydes, comb1nes what." cor:stdersj· CIS!onsttl!go~son:" ' ./ For S?!'fle auh:-~ot.Jve experts, thej25 ; the best of both sys.tems: 1t cons1s.ts· 
As sc1enttsts refined their measure~:· 1 most exctttng ex.h1b1t . London's re-.7 ; a large, partly sphen.';al rotor that ttsetf~ 
8 . ment skills, they realized .... , .. and· 
2 
. fall motor ~how was found not 26 : ~ontains · · side-by-side pistons slid-~1 
more the significance of light's · .,; the gleammg new Jaguars and .27 , mg at nght angles· . each other ... ·• 
9 By , time it was established 3 Rolls:~oyces on · fl?or of the main' i . Althoughthedesignlookslikeama-
1 0 electromagnetic waves . , at 4 exhtbJtton hall, but instde .. back room 28 1 chme-toc:ted puzzle, the engine! 
11 Iocity of light in a· vacuum,. admission was by invitation only. i29 ; 'Yorks wtth. remar~able simplicity. Un-
12 
~as re~~gnized 31s. a constant of · away from the car~hungry. : hke . . p1ston~ m o;dinaty engines,! 
· . . ; theones hold that . a young automotive 30 l those m Karol ~ engme ' doub1e~ 
1
1 "3 ·the universe can , move whtz an~ part.time motorcycle raCer 1 .. ended and have entirelY separate func-
11 constant (represented by the letter_ named · - Karol displayed small mod- 31 'lions (see diagram). It is· - 'job of onei 
15 
pears in his famous equation E = els of a bold new engine· · · .. that_may.32 : pfston to draw in air. _ : other pro-) 
. the · <. ·.~· for the conversion of some day challenge the much-baiiy~ · ~ vtdes the power; all the explosions in1 
16 into energy, which .. grimly hooed W~nkel. . . . 33 ; ' c~g!ne occur \Vithin its .cylinder.j 
17 July 16, 19.45 in the first. · ..... Karol s machme. hke the Wankel, 3~ 'T.hus It IS · movement of thts second! 
'at Alamogordo, N. M ex. . works on the . . principle; that is, ?..1 I p!St?n that actually turns' crankshaft\ 
. Now. scientists working the ener~ fro~ 1ts burning . is con~ • 6 I {whtch passes through both pistons) and 18 . Kenneth M. Evenson . the ver~ed d~rectly mt? ro:ary ~otion. • Yet 3 the · . . . . 
· Bure~u of Standards in unhke .. rotanes, lt retams many of ! ~ The cycle begins when orie end cif\ 
19 ~ · · measured c with new the ~ckno~ledged advantages . con~ 37 i the· · -pump.ing piston passes a vent in ~0 , Worki~g with a:'': beam-pure vent10nal mternal-co:nbustion engines. ~8 ! the. engin~.. and sucks air into its' 
1 , of a single frequency-they In stan~ard a~oto eng.mes, example. ;J9 i cyhnde; (I)_ At exactly : same mo-
2 
·fined the measurement of light's t~e recoproc~tl~g actoons ot cylm~nca\ <10 : :nent,the_othere.ndofthepistor. · .. 'push-
2 ; to 186,282.3960. · ·per second. piStons succ<ssov:ty m a mtXture 41 : mg the a1r that tt has already . 
23 
1 
feet they redu~ed the accepted of gasotme and au, compress -turn a' 1 andcompres.o:;edintoapassa{Jeattheop~ 
·by roughly 1~4, feel per second. crankshaft after ~n electric spark touch- 4? 'posite ·, 'of the engine ~a~ing. As the ~4 may .... ·Seem Important to camera es . the explostve vapots, then expel 43 I rotor turns, . . air isJorc:d through a 
2
fj worrymg about exposure, ~~.·yachtsmen •
1 
th . 1 . A4 i transfer port m to ·. cylinder of the 0 timino a flashin& faht 
0 
· d k .. n e convent1ona rec1~roc;ning engine com- . . (2) C ,.. . . . 
. o o lo n ~ ar . . bustion drives the pis!ons. m straight·line.'uP..,and• ; ~ower. piSton . • ontmumg Its rota~ 
But 1t could make a considerable dif~ dow.n movement. ~h1ch 1'1 converted into rotary 45: 'lion,·, · power ptston compresseS: the ~ouonbycon~ectmg:rodsandthecrankshaft. 4b ··air even more {3). As· piston~s cyl-
I'I:~'!':~~~"!'i'~~· i't'li'l!¥""-"~ inder moves past the fuel injector, the 1 
, . ·. air is mixed with a spray·! 
of gasolme (4). · ., as the cylinder i 
; ed.ges b~ !he. spark plug, · . fu. • .. !.·air! 
\ mtxture IS tgmted · 
.... 
)N 
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3.1 1no6 •• }\ Sn. ,..,.9 0 r-~.. t M i8;-) •. more apublic.relationspr~.blemthan 170 X 11""""""- yssey 0 crs \81 !la medical problem· • NASA. 
1 ST is April 1986, one year since . 51 
~ giant spacecraft blasted out of orbit 
2 around earth headed into deep 
space, propelled by powerful nuclear ~2 
3 , The earth is now so far away 3 
4~ that looks no bigger than a bright star. '1. 
On , the crew is too busy for sen- 55 
timental homeward-· , In a few 
7 minutes, three astronauts will enter· 56 
smaller spacecraft and cast off from the 
5
57
8 j 8 mother to start the final lap of a mo-9 mentous: . • Their lirtle craft will 
I
• 10 carry the space travelers. man's first 5
0
9 
landing on the surface of Mars. 0 
Though the scenario has the ring of 
11 
12 
H 
15 
18 
19 
, it could become fact-in the un- 61 
likely event the U.S. Congress has 62
3 a change of heart next year arpro- 6 
priates funds* .for a. manned tnp 
Mars. If that approval were given, 64 
NASA's dreamer~.,. ·. would not be 
unprepared. They have already spelled 
in detail a daring program that could 
bnd· on the Red Planet by 
the mid- t Y80s. 
White-Hot Gas, The Mars expedi-
tion would make twelve-day lunar-
! anding mission look Eke a . ex-
cursion. If all could be in readiness by 
, for example, the tv1ars astronauts 
would be blasted of orbit on April 
5, when the earth, and Mars will 
be in ideal positions for ·misSion. 
Their craft would swing by Venus on. 
24 . 10, 1985, getting a valuable grav-
25 itational boost that speed it to 
I
' 26 Mars by April 10, 1986. · expedi-
tion would depart from r.."lars on May 
27 20 arrive back in· earth orbit on 
I 
28 Nov. 15, -590 days after leaving. 
29 The ambitious mission, as , 
will require two command ships, each 
· 30 . carrying a . of six. If one craft be-
l 3
2
1 comes disabled, the · can safely re-
' turn all of the astronauts to .. U n-
f When the linked-up ships finally ap-
within which the . can pass back 82 1 proach Mars, · will separate, fire 
and forth through airlocks. 83 f their main engines to enter ... orbit 
Some boltled oxygen will be taken· :around the planet, and reunite. Before 
along (so . , it can be us~d, among 84 any .landing takes place, the ex-
other things, to . the cabin 85 pedition will send down .. small 
in the event of~ meteonte ), but most· unmanned probes to scout Jandmg s1tes 
of the oxygen will be produced . the 86 and up soil before returning to: 
electrolysis of water. AlthOugh the ships the mother ship. 
will . · carry a supply of fresh water, When sites have been selected, three 
a large . of the water consumed 87 astronauts will . in a lander, • 
by the astronauts will produced by ea which will contitin a Mars ; sci-l 
passing exhaled carbon. dioxide rhrough entitle gear and supplies for a month's 
a _ that separates oxygen from 89 stay. ·· surface activities-televised 
the eo, and combines . with hydro- 90 up to the mother ship relayed to 
gen. Other water wtll come from recy- earth-wilf resemble the famthar rock 
cled . . and wash water. Earlier plans 91 and experimenting of lunar 
to grow algae·. board to supplement 92 exploratwn. The astronauts will . ! 
the food supply have now . shelved. oxygen packs to survive in the ihin' 
•:Algae cookies taste pretty horrible," 93 carbon atmosphere, and space 
explains NASA's · Lohman. In- suits to weather Martian temperatures 
stead, thefood supply will consist large- 94 ( 75 o F. a( the equator at noon to.. 
1 like lunar missions, the journey will not 
33 begin from earth; that would re- r,._. ~-;;,," .. · .. 
I
. 34 quire boosters too huge be practical. ARTIST'S CONCEPT OF GIANT SPACESHIP THAT V ~ULD BE USED FOR MARS VOYAGE 
Instead, the two cylindrical ships will i More of a public relations problem than c 'nedical problem. 3'1 be piecemeal into earth orbit by ! ! 
)6 Saturn-type boosters. , the sepa- 65 ',ly _ frozen and freeze-driec) food. 9'i F. in the polar regions). But 
1 rate parts will be latched together. : To counteract the possibly damag- 96 :there will significant differences. 
37 Finally, space shuttle wiH bring up 66 :ing effects of weightlessness . such a 97 Since Martian gravity is one-third- . the 
38 the astronauts as as their fuel and !long voyage, the joined spaceships will 1 \earth's (compared with the moon's one-
1 ·supplies. 67 I slowly spun around to create arti- -.:98 '·sixth·~ }, the astronauts will walk with a· 
Propulsion for the Mars craft will 68 (ficial gravity on . In addition each 99 'more normal , They may be butfet-
1 
3.9 come from -engine not yet developed, 69 craft will have a shielded ·. '1 OQ cd by the high winds· Martian dust 
Jt.O perhaps the proposed NERVA ( Nu- 1inwhichcrewmemberscansitoutdan- :storms, which often exceed hurricane 
clear Engine for Rocket Vehicle Appli- 70 'gerous . of radiation during1101' force. . will also be on the lookout 
1
41 cations). It consists a small nuclear re- 71 !solar storms. There will also ex er- :102 for things ·do not exist on the moon: 
4.2 actor that heats liquid hydrogen it Jcising facilities, games, a library and :1031 water and life forms. . . 
4) is expelled as a jet of white·. --gas. To 72 1other diversions while away the 1 : During the stay, several ~xped1t1ons 
· "44 kick out of earth orbit (which 7 3 ·hours. One problem has not re- , 1 0~ will be sent the surface. Ftnally, after 
I much less thrust than an earth launch), \solved. what to do about the crew m ern~ 110 40 days in orbit, twin ships will sep-
45 the -ft.-long ships will fire-and then 7 4 bers' drives. NASA psychologists 10 arate, fire their engines to them 
46 discard-the outboard NERVAs !agree that pornography (which suffices 11 .away from Mars, and redock for the 
I 4·r strapped to their sides·, the t:tain · f') J an escape mech,,m·tsm for nuclear ,1 07 voyage home. After shpp·mg back 
~· at the c~nter of the engme clust_er, 6 :.submarine crews on :day missions) 1108 into eart~ orbit days later, the astro-
1
489 Will · retamed. Then, as. the two ~htps 7 ;may not be enough. \VJth an ·male 1109 nauts will transfer to a . space 
4 pull a\vay ·earth orbit, they wlll be ; :Mars crew, they believe, homosexual! ~shuttle for the descent to earth. Above 
50 docked end to-. to form a single unit 78 :activity is . .. Including women 110= ~ in orbit will be the empty Mars 
I 
~A minimum of S30 billion. 10 S40 billion, to be i 79~on the crew rc;ses oth~r ~.roblen~s. 111iships, · the next crew of inter-
spent over a twelve-year penod. · . __ ~on: psycholog1st put 1t: Sex WI~~- be J p}~m~tary travelers. 
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14.1' Change on the Kibbutz 
I My life is full of joy, for I am 
1 my motherland. Work, my country 
I my Iangtwge-lo them 1 dedicate 
youth and my strength. I can see in 
I imagination how we shall build 
foundation of a national life. Stone 
stone we are rebuilding the land 
waste thousands of years ago. I am 
py thal I am one of the builders. 
-Shmuel Dayan, 1913 
As a founder of Israel's first 
1 butz, or settlement, ~· ' 1 
2 Dayan* was often in an exultant 
His enthusiasm reflected the spirit 
3 other utopian , _ .-vi I 
il all of which failed. Now, in Israel's 
year, the conditions. that sustained 1 kibbutz in early days have 
o and some Israelis are 
whether their experiment can last. 
American and Israeli behavioral 
7 entists, who have long the 
butzim as the most interesting and 
'Father of Oefense Minister Moohe Dayan. 
L_ ______ _ 
I . ,-. 
8 rable ever established 'any~~ 
9 where, believe that it can. "The .. 
with 19th century communes," explains; 
10 Israeli Sociologist Menachem .... ,! 
"was that their founders set a fixed pat-! 
11tern . which they did not want to: 
12 move." By , he says, the kib-i 
13butz can survive because its I 
14 are willing to change and to give old. 
· new forms of expression. 1 
· The kibbutzniks (commune mern~1 
15bers) lost a powerful source- . motiva-! 
tion when the State of Israel was found-j 
16ed. 1948; they had long regarded their1 17settlements and of life as essential/ 
18to the establishment of· new nation.1 
19Ever since that goal was reached, · I 
kibbutzim.ha.ve had trouble recruiting; 
20members willing to · ·. the sacrifice: 
that communal living demands. ! 
A more subtle threat has recently~ 
21 appeared. Nearly of the na-! 
tion's 231 kibbutzim noW operate fac-j 
22 .rories, . their residents are undergo-j 
23ing psychological crises as a . of' 
ral'id industrialization. Many of the fac-i 
24tones have so successful that iq 
25nas been necessary to outsiders tot' 
;upplement kibbutz manpower. That/ 
26practice is socially destruc-
tive by some kibbutzniks because it sets I 2T -: ~· workers apart from members,! 
I 
' ;oRIMlTIVE OUTDOOR KITCHEN (1928) 
28' who are given the . . of life' 
without being paid in money. ~some·! 
29 thing. when we become man·i 
agers and employ workers," admits! 
30 Tal, economic administrator of 
Kibbutz Givat Brenner. "With only I 
31 . in factories, work is based on I 
32 cooperation and ~ · .. The mottvatton. 
is. difFP:rent when you pay salaries." 3 3 · has meant other 
54 disrupttoris. "It has created a ·. · 
gap," says Yavin Rosen, a chemical en-
35 gineer from . . Degania. "Man-
agers are driving around in cars; and 
36 have phones. We are out of the 
37 kibbutz than previously and with I 
38 our families less. Our- way of life I 
39 is changing. Some of us ._ resisting: 
40 I've refused a TV set and a " 
Trlps to Europe. Rosen is in th~ mi-
41 nority; most kibbutz members yteld-
ing to the temotations of materialism. 
42 On Kibbutz Haim {Hill of Life), 
43 everyadult couple has 2t-room apart-
44 ment or -cottage, two radios. a · 
4 5 · and a hot-water supply, and gets 
46 a to Europe every five years. Other I 
4 7 kibbutzim are to permit TV 
48 sets, not just in the· hall for group I 
4 9 viewing but in members' private. 
. . Says David Tal: "Attendance at 
50 our Saturday night . iswaydown, 
51 now because lronside comes on · 9 
o'clock. when the meeting begins:~ 
Nevertheless. according to the 
52 American Council for the · 
Sciences in the Kibbutz. which is 
53 making a ·year study of the 1 
col!ectives. industrialization need 
not . . tbe ·movement For 
one thing. factories provide the 
of work for the aging, a 
group that . __ ·: not exist in the 
youthful pioneer days. The 
problems of the elderly can 1 
be serious: according Social! 
Anthropologist Melford Spire, 
loss of ability to .. with 
younger men at heavy farm work ' 
iS··-"" major cause of psychological 
insecurity in older chaverim 
,t. }. 
Industry has also made food, 
shelter and clothing to 
come by, leaving time for intel-
lectual and pursuits. 
Most collectives have large Hbrar~ 
ies; some have . ., drama 
groups, choirs and orchestras. In 
fact, Psychologist · , French of 
the University of Michigan speaks of. 
"cultural flowering" on the collectives. 
But the kibbutzim have produced 
67 few major artists, ·or musicians.* 
One explanation is offered by Psychi-
68 I atrist ·• · Greenspan of the Nation-, 
69 , al Institute of Mental Health Bethes- 1' 
I da, M d. He has interviewed many young 
70 . and found that they suffer I' ii~~~~~~~~~~~~ll71 from feelmgs of .·and shame when their personal aspirations conflict with l . 433e 
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RM-4cont. 
T'Z I loyalty to the kibbutz. Those who 1 . ' · 73 I. ~esol\'e t~e. -,.~. suffici~ntly to ask 'the SUI~~ dormit'ories;"there IS In tie sex~:· 1 • . 
7 4 I tor permiSSIOn t~.study OU!SJde ,.. run.l ~br m:\ activity .. even dating among roomA· 21 Black Day m Brussels . 
I I~ to res1stance. If a girls hearts de· m<~tes, apparently because a kind in· 7~ SJrc become a ballerina is not just a cest taboo develops. There is no known 1 Osborne House, located ~pposite 7 o ! w~Im, tf she 1s talented, then she 129 homosexuality the collectives and: Comi?on Market headquarters In · ... 7~ j.wJII get . le~sons," says Asher Go-
130 
practically no illegitimacy. Divo;ce is
1
. 2 . .'IS a _s~op that specia.lizes !n pro-. 7 \an of G1vat Ha1m. ... final decision . :·Kibbutzim have their share V!dmg BntJSh ' o·· for En~hshmen· 
IS up to the general membership.'' 131 of neurotics, but no . than cities 3 who would like a.homey respite I 
O_pe!' Doo_rs. These days the mem-132 haye, _and fo; those who want , psy-1 th7. rigorous riches of continental 
7 9 bersh1p IS saymg yes more .: . So- ch1atnc help IS readily available.. 4 cu!Sme., There can . found Frank 
CIO.togJ;t Rosner reports that "only. Yet some Israelis are concerned 5 I Coopers Vmtage Oxford Marmalade, 
80 se\ en) ears ago ·was sttll strong op-1 33 ab~ ut the apparently . flat person- 6 shor!backWiltshtre · .• and Gent\e-
181 pos1t10n to higher education: the 
13 
~ht1es that kibbutzim seem to develop. mens Rehsh, as well as Stilton, . 
-82 wanted to get their sons out on the·. , : 4- ~ children are ashamed to be · , Caerphtlly and Wensleydale chees-
183 Now they want them to go to college:·133 ashamed, afraid to afraid; they are 1 es. Until recently Osborne House·'" I 
. · a five-year study of the genera-1 3 afra1d to love, afraid to of them- 8 earned Melton Mowbray pork pies and 
84 tiOn gap, concluded that while selves," says an Israeli psychoanalyst. bang~rs _(sausa&es). · . to · m.ention 
older members remain strongly corn-~ 37 But Ron , formerly chief psy- Roses Ume JUice, wrth?ut which no 
8
8
5 mltted kibbutz 1deology, doctrinal, cho!ogJSt of the_ Israeli defense forces. 1 9 ~nghshman can sufVIve abroad. 0 ties hav~ loose~e? among youth. . ~ 38 ·.a different v1ew. "It is true that kib- 0 . . Not any more. In . uncharacter-~conomJc Admm!Strator Tal puts it:139 butz . are shy and on the defensive. 11 !StJC burst of zeal, Belgi3n ~ustoms of-
8
87 
1 
My. father. was Idealist. It did not140 ~ut their . of giving easily to out- 1 ficralshave. . ~akentostnctenforce-8  matter to him what ·-did so long as it141 siders creates the wrong _ . _ . 2 ment of the fiendtshly e_xact ... , 
88 I was of benefit -the Jewish nation. But they are warm underneath. It is just tha;· 1 ~ ~rawn up ~y the Bel_gran gover11:ment 9 i ~>hate\·er I do, I for myself, my fam-1. 42 t • young kibbutznik does not give up1 1 ~nd th~ · ·! concermng the quahtr: of 
91! 1\y and my home." To- ideal-~43jh1Sfirst _easily." ' mgred1ents m food and. ·· ... rm-
'l· t~m. many collectives now require' 
1 
Experts agree that the collectives ports, somethm& t~ey seldom dtd m the 
9
3
2 , )Oung people to . for a year on a 144 nurture a special ·of person who is j6 days Bntam entered the EEC. 
9 :newly established ktbbutz. . thts rcaJ45 parttcularly well suited to _ Ronald Davidson, owner of ~ 
j son, and beca~se kibbutzniks per.l 
6
f deavor. ~'lichael Chen. head of the~~- House, has pleaded that the por~ ~ies 
9
94 ! formed so herOically . the Six-Day 14 1 partrnent of education ,, at Tel 17 fit.... the allowed category of pate en 5 I \Var_. the movement is reo-ainino I A viv Universit)' believes that k'bb 118 croute, that · . sausages are really bou-
1 · h · \. e 0 147 ' 1 utq9 d' b/ d th R ' J ' 6 ! presttge t at Jt ost when statehood; }'Oungs.ters are . ambitious and anx-\ . m anc,_ a~ at. ose s .· ·-' .. utce 
9 1 came. and : .. are seeing the com-148 10us: "They are good in the" just be-: lS a per!ll"s:ble frUit eKtract. But the 
97 
1 
munes assymbots of self-· , cause they are anXJous." he says. '·They:20 . . - .• usto!"s men-to .w~om. a 
 _Kib~utz life remains attractive to149 \ , fail, beca.use if they did. they.·~~ 
1 
Bnt1sh delicacy IS .- contr~di.CtJOn m 
98 
1 
most of rts . . .: between 70% anct150! would · shame to their group.''Psv-~ terms, anyway-have turned a deaf· . 
99 I SO% return to 1t when finish theirl51 1 chologist Shmuel Nagler of · Uni-' So has the EEC. ".If Osbo;~e House 
\ requ~red m1htary stint, and the kibbutz] J versny believes that "the kibbutz youth'23 believes· .·has a genurn.~ case,. ~ays one 
1 Oo 1.. has mamtamed a growth115~-~may be _ without the group.'" To-24 Dut~h-born· . .• the Bnttsh gov-
1 01! rate of 2% to . a year even when Is-l53[some observers. this dependence. . thei25 ernment can lodge a formal protest 
i ~ g
3
21Jae\ as a whole growing more slow-1 .. "group is one reason that the lessenine!?6 Brussels." Formal prot;st notwithstand-
! 1iy. The appeal of the collective 154"· doctrinal orthodoxy does not threat:~- mg, some of Davtdson s have 
, I 
04
1 to come partly from its stability. "We 15'5 en the kibbutz.. : a more important' ?rown so desperate. that they_ are b:ing-
: 
1 
! stt!l n~t have the ev1ls of the city.] )0 facto~ .rn ~h~ conttnumg durability w (2.7 mg thetr own Vttal supplies,_ ratsmg 
1 
05! We w1th our doors open," says Da-. the ki~but~rs.-the-younge.::..generation's28 the specter of . black market m pork 
\Ob 'ltd _Tal. lnde~d, · are no courts, no 157 w~~~~~!le~s to : ·· .fanat!Cid.e_alismj ptes}n,d lime JUICe. . .. ..,,, 
10.7 police, no en me, ~nd . . oothingl wt~~,reahsm_.. Observes SociologisfR~s-"29 \"\ hy on earth. dtd. we JOin: ~sks 
I 08 
that can be called JUVentle delinquency.158' n~.r: "The .· · . met the challeng'\: · one . . e_xpatnate m exasperatiOn. 
. Although . have always been \)f life outside and thrived." ;;, 30 "That bunch m the Common. is 
I 
09 
c_oncerned about child-rearing prac- .I 3. making life harder, not easier. The next t1c~s, · . have recently intensified 1 you know they'll be tampering 
1101 thw efforts to promote the .. 32 with English beer."· · . does he know.\ 
I health of e~ery kibbutznik. Over the\ English. beer, along with European 
1111 years the . . . have modified 33 . . ., IS ~!ready the subject of an EEC 1 
the1r ong1n~l tntentlon of giving met a- :54 '~':estJg~tton · . _d_etermrne whether ad-! 
112 plot, .spec1al nurses, full responsibility dittves like stabilizers (used to prevent 1 
113 for the care of · ., who grow up in {~ · .. during shipment) should be al-
114 spec.Ial bUJ!d~~gs away from -par~ . ,37 lowed.lf the dect~Ion no. Whitbread's, I " ents homes. We have \earned that the Bass and Watney s could also be 
1 b ~nctapl?l. not.~nough; the first year from the Common Market. 
11 ~s a_ cnttcal. . says Educator Ben-
117 Jam m K~tznelson. Mothers now get six 
11B o~ from wor~ to nurse their new- 1 
119 
born chtldren; s1x months after that' 
120
1 they work only half . , spending the[ I rest of the day With their . · .. , 
121
1 Another rec~nt change has been to[ I allow boys. .gtrls to shower and slcepi 
f ~~! sep~uatcly after the. of ten or elcv-·1· 
1 
en, 1f they find a . group disturbing: 
1241 -as m~ny do. For this and rea-: 
i sons, kibbutz young people seem to 1 
12Si have few . sexual difliculties.! 
126! Even. w·hen older bovs and girls· I 433f' 
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) • 1 • Biologicollmperotives 
In October 1963, a young rural 
1 ple took· · identical twin 
2 physician to be 
J first operation, performed with 
3 tric needle, a surge 
4 rent burned off the· · penis. 
5 perate for a way to cope with 
tragedy, the parents took the advice 
6 sex ; "Bring the baby up 
7 girl." The : - . has ~~,~:;~~·~~~ 
succeeded. Aided by plastic SI 
8 as a daughter, the nc<i nc;rn1all 
· 9 baby boy -grown into a nirle-jrear-1 
10 old child who psychologically, at 
a girl. 
This dramatic case, cited by 
11 ical Psychologist John. ' last 
MEDICAL PSYCHOLOGIST JOHN MONEY 
Brother was really sister. 
i 
. ·76 Ly was 17 months old(,;-~:- · hi;;;-·;1 
~~~6 title: Man & Woman, Boy & .(Johns ~hance at happiness by reassigning him! 
Hopkins;$1250). 77 I .a girL A brother, two years older,! 
In the normal process of sexual dif· 7 8 ~as·. . , . • .. in helping the child I 
27ferentiation, Money . · , if the 79 ,develop a new feminine · · ... To 
28 genes order the gonads to become _ ·i help the older boy accept the change.
1 · . and to produce androgen, _the. em-1 80 1 . parents explained that the doctors 
2 gbryo develops as boy; otherwiSe It be·j81 :had made a . · and. that hiS httle 
_,ocomes a girl. .Androgen not shapes: 82 !brother was really a · sister. Not 
the external genitals but also "proJ ]long afterward, the big brother began 
31 grams" parts ·.the. brain, so that some1
1
. 83 ! display a newly pr?.tective attitude. 
32types of behavior-.. come more nat- 84 iReported the father: ; he was 
33urally to one sex than to ·.other. For1
1
8:J ljust as likely to stick his . out and 
instance, both men and women can 86 itrip her as she went by; , he wants 
34 · .. children-the necessary circuits! 87 !to hold her hand to make c she 
3~re there in every · -but thei !doesn't faiL'~ · 
"threshold" for releasing this behaviorl' i The experience of two hermaphro-
36is .in males than in females. The 88 'dites, from different familie>, · .. 
37 same phenomenon · ·demonstrated by, 'bolsters Money's view. Each was born 
laboratory animals. If a mature fernale 1 89 !with the· . chromosome pattern,* 
38 . is put into a cage with newborn rats, l.and each had internal female organs 
39 ·:begins mothering them at once. In 90 j_ a penis and empty scrotum outside. 
iOa similar . ·.,a male rat does noth- 91 :One set ~ parents believed they had a 1 ing at first, but -a few days he too ;12 lboy and raised· .· . child accordingly; 2begins to display. . behavior. 93 the other set assigned their offspring- ... · 
---- . Chain. Money nonetheless believes a girl. (Surgery and hormones made the 
4 3 that hormones secreted before and. 94 youngsters'· , conform to the 
.. ·birth have less effect on brain and be- 95 :chosen sex.) According to Money, 
44 havior ··.-human beings than the "s_ex '!'children's "antithetical experiences sig-
451assignment" that takes place-· . birth 96 .nified to one that he · 'a boy and to 
with the announcement: "It's a boy!" 97 :the other that she . • . a girl." The girl 
461or ". ·a girL_'" This exultant cry tells ev- !therefore reached preadolescence ex-
17 eryone how- ..-treat the newborn baby, 1 98 lpecting- marry a man; in fact, she al-llland sets off a. · . of events. begin-! 99 !ready had a· boy friend. The boy, ~ning with the choice of a .. or fe-'100 1by contrast, had a .. ·friend-and "fit-
male name, that largely determines!101 lted easily into the stereotype of . 
50 whether the· · ... ·will behave in tra-1 male role in marriage," even though "he 
ditionally masculine or feminine ways.:JQ2 rand- . -partner would both have two. 
Moiley's evidence for this familiar! )X chromosomes." · . 
51 thesis comes largely- -cases in which[ 1 Despite his evidence of the impor-52 accidents before or after birth~· -ifiO;? rtance of environment · - molding sex 
imposs!ble to raise children ~ccording~041role~, _Money holds out little hope. 
53•to theiT .•· . · _ determmed sex. I femmrsts that there can be any Signrf-
In each of his examples, youngsters' 05. I icant breakdown -sex-role stereotypes 
54 . . . -.to feel, look and act like m em-! Oo ~n the current generation of- · • The 
55 bers of'. opposite sex. ! r reason: few changes in male-female at-
For the little boy who lost his pe-1 07 titudes . . behavior are posSible after 
56 nis, . , change began at 17 months with 1 08 the first four years · life. Beyond that 
57.a girl's . "'and frilly clothes. An op-~09 age, even sincere attempts at 
58
1
eration tO make the ; genitals look I make most people uncomfortable. By 
12 at the Washington • more feminine was done, and plans1
1 
10 way of illustration, . describes "a 
. Association for the 59· . made to build a vagina and ad~ 1 rather prominent psychiatrist" who ex~ 
13 .. of Science, provides strong_ h91ministerestrogen · a later age. The p~r~ rt~ 11 rplained at- seminar ~h.a! he and his wife 
a major contention of women's 61ents, counseled at the ... • Hopkms
1 
J2 had worked · a dtvtsiOn of labor on 
14 ationists: that .. :.-' psychohormonal research unit, began to: ) housekeeping and children. . . -he 
masculine and fe'minine 621treatthe· ,asifhewereagiri.Theef-~14 added; "And I hate it, I just hate·, I 
1
1
5 be ·: . It also casts doubt on 6~fects the parents' changed attitude J have no training or experience for it." 
6 ory that ., sexual differences, 6 and behaviorwere marked."' ;doesn't ;11 ') , kind of reaction is typical, Money 
17 chological as well as anatomical, 6 I like to be dirty," the mother told .. 111 o explains, and "a liberated 
set by the genes at lciinic in one of her periodic reports.
1
117 woman today is almost painted into. 
18 In fact,. Money, there are only 66i"My· .is quite different. I can"t washi corner because there are so few liber-
. 19 imperative differences: women 67
1
his face·. anything. She seems to be r 18 . ated men can marry." 
, gestate and lactate; men im~ 68:.daintier. Maybe it's I encourage 
20 prcgnate. Many scientists believe ·. 69iit. She is very proud of . w~en [
5 2 
Swinging Future 
crucial psychological imperatives fol-i 70:she puts on a new dress, and . JUSt t • 
21 low from these biological facts, . I ;loves to have her hair set." I Many observers take it for granted 
the flexibility of sexual roles. 1 In another case, a newborn infant I 1 that sexual " · ~· will never be 
22 Money, however, is that al-! 71 1with only .. rudimentary penis and oth-1 2 more than a fringe phenomenon most aH differences are culturally de-1 72.er genital defects was "assigned" .a , a few far-out types. ~ot so, sug~ 
23 termined and optional. • 7 3!boy because he had two testes and I 3 gests · , Biologist Alexander Com-
Johns Hopkins psychologist j. .~chromosome makeup of a male. With. 4 fort. In the years to come, . pre~ 
24 spells out . views on sex-role learn~ I .7 A[ the realization _he could never be a I diets, more and more couples may turn 
2,? ing in a book :last week. Its
1 
75normal man, experts· when the! 5 to sex for satisfac~i~f.!S .. ~nee 
433g 
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6sought only in traditional ····~---··.-ot 54 edge- .. it could "devalue relaticm-1 
family living. 55 ships.'' Not all behavior~ are 
Comfort, who outlines his views in 5 6 tally opposed to group sex, but few 7 the current . of the magazine Cen- such a sanguine view as Comfort. 8 ter Report, last week detailed - · vision 
· 57 believe . participants are 9 of the future in an intervtew with tionally disturbed, immature 
Los Angeles Correspondent Lois Arm- 58 -whose sexual activities orc>vidlel 
10 strong. As he sees it, . to what lies 59 distraction but no solution-
11 ahead can be dis~~rned in · attitudes problems. Chicago PsyclJoaonalyst 
of Y?ung people. They shy aw~y from 60 Littner feels that . who 
12 .· · 1dea of total self-surrender, Corn- incapable of intimate~::~:~~·: ~;~,~~~~~l~~~-13. fort observes. "They . , 'There mu~ti 61 each other, and use 
121- be a pwce of myself for • . · . It lSn lt' 62'"as a · .valve that keeps 
15 that I doJ?'I _love you: ,?ut don't digj 63 at a level each .. tolerate." Arlthro-1 
thiS symbiOtlC fuSion. Just ~s _many! pologist Gilbert Bartell believes 
16 . ·...,people are no longer Willing to! 64 "sensitive" people · .group sex 
17 g1ve themselves · · .. to one per- 1 65 mechanistic," that "there is a-
18 son, so the~ no lon~er expect . get all i identity and an absence oof~n~-~~~r~::l 
of the emotional sattsfact1ons they need~ 66 ment," and ·· .. · ~'this total n 
19 .. a single lifelong partner. "The fan-~ men! represents the antithesis of 
20 tasy of one-· -one suffic1ency has let us 67 ual . and satisfaction." 
21 down," Comfort asserts.'' · husband orl Finally, many os•vchiatrists-alo•nQ! 
22 wife is expected to be mot~er, ··\ 68 with large ~umbe~ of n;;:;~~:~t~~ 
chtld, uncles and aunts; thts ts a greater' -:-disagree With the Idea that n 
23 .... ·"·than any one human being can 69 satisfaction · . be had in mono:~-1 
possibly carry." 70 amous marriage. "If a man . 
Benefits. Group sex is a way of 71 and they have a ~m~~at~)u~re~i:?~~~~7i~!: 2
2
4 sharing the · , and Comfort an-~ ·.does he need 
5 ticipates a future "in which settled 72 asks Beverly 
engage openly in a wide range ofl Grubbs. Adds Manhattan Ps~vcblatrist 
26 sexual :· ,. with friends." Though. 73 Max Levin:··· growing popularity 
27 he claims he is not. : ·- this "'sex-! 7 4 swinging is testimony to man's 
ualization of friendship;· Comfort seest capacity for self-delusion." 
28 it as · good thing. He argues-not very! 
29 persuasively-that .· . result of the! 
30 trend may be an end sexual jealou.l 
sy. Couples will take a "more realistic! 
-cile<i in ·-:-·:--·:-·-passed the iniiiai on 
his successOrs. To British press, 
the other hand, . the director 
usually referred to. as .. M"-:-as 
James Bond thrillers. 
By tradition, nobody outside the• se1'-l' 
viCe was ·supposed know 
name; the British onve>cncne''' 
tained official ca•moufl.age 
suading the press from 
identity of the MI6 rlmer<•" 
of enacting the dire p~:;~~~~~~~~~:~ 
the Official . Act. ~ 
newsmen, diplomats, foreign -r·c··-.. - 1 
presumably the waiters at 
don clubs (Brook's and .) 
aware that for the past four years-
a colorless·civil servant named Sir 
31 . ·"of the need for variety and Will' 3
3
2 COme .realize that "if you love some-I l RENNIE (LEFT) WITH RUSSIAN FRIEND* 
3 body, you try .. give them the things! ! Compromising the director. 
34 they want instead of ... them in." I 1 
There are other benefits in group I 181 Rennie, 59, with the ~n~~~~~~:'' ~ I) sex, Biologist . believes. "The, 19 title of Deputy'. ' · · · 6 person who gets into this . tends: 'I Last week C's cover was 7 to lose a lot of neurotic anxieties.. 20 der curious . .- .. _,,Charles 
! 38 learn to say no to sex when they- 21 1 ham Ogilvy Rennie, 25, and his 
I )9 not really want it, and the men to . . . · , 23, were hauled into the 
40 they say no find that "refusal is not 22 i?>ailey on a · charge. The 
. of them as people." Both men- ernrnent, for security reasons, invok<ed 
41 and women. to tolerate their ho 4 j 
2
23 the" n (for defense) Notice-arrange-
mosexual impulses better. Moreover,i 4 ment, under which the British vol-
432 "watching . ,_ sexual behavior of other1 untarily censors news items that arc po-4 human beings is not -stimulating, butt 251 tentially harmful security. The 
44 
e·ducating."'Men especmllf"get a 'more! I German magazine Stern, however, not I 
: ... perspective on machismo, "the 26 only him but explained the rea-
. 45 neurotic expectation that the .. - 271 son for the secrecy identifying Sir 
, should be able to make love to anything. 
2 
John as Charles Rennie's father and ex-
46 . will stand still in ten seconds ftat.j · 8! plaining .. the son had done. 
47 By· . , they learn that they'rei The case clearly did not affect na-
_not underperforming." I 291 tional security. ·did, though, revive old 
· Comfort believes that more group · · 30 I arguments in Britain that 
48 sex w.ill mean ·hypocrisy. "Now we! surrounding C's identity ~s pointl.ess 
4 9 are d1shonest because we have soci-' " 3 C' B d C · · • 31 !he .. . top spy as ety that is supposed to)Je monogamous!-'" S USfe OVer I 32 identified routinely the same 
50
1 
but fact practices serial polygamy.! The director of Britain's Secret Jn.l 3.3 the director of tbe ·. . or 5 Most people have been . . more] 1 telligence Service, popularly as 34 IS. The debate IS uniLkely. . 
than once, and adul~ery IS umve_rsallyj 2 M 16, hus always been referred to by 7. John. He has moved h1s ret1 52 tolerated. : marnage would s1mplyi in~the-know colleao-ues as ··c." The J5 . eleven months. apparently 
legitii?ize ~hat we already live." . . i 3 practice ·said to d~te back to the de- 36 ~a~sc he feels compromised by 
Btologtst Comfort, a physicran,l 4 partme.nt's first . , Sir Mansfield mcidcnt. 
53 barely touches on the- . aspects; 5 Cummmg, who insisted on it for. 
I pf group sex, though he does acki}owl-J sake of ~non)'_mity;Sir Mansfield, who) 
433h 
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ll CO-WIN-NER RODNEYPORTER r ocean apart. 
biochemistry professor at un"n:r-1 40 j!amino-acid building blocks. His: .. 
11 I sitv of Oxford.' '' iscov~· ~:~!";~~'';,{; !:coincided with those of Porter, show-
twO researchers d · 41 i
1
ing that the . ~1olecule_is com-
12 ical structure antibodies, 42 !posed of a double pa1r of . ', two 
1 j I proteins that play a crucial · li"light" ones forming the branches of 
body"s war against infection. 4' :.:the ~and two·"heavy" ones that make 
14 Edclman. an accomplished vi 44J,up the ·. After establishing that who loves poetry ''because is !'antibodies have some flexible amino-
tiful and useless,'' was awakened by 45 !1 chains, Edelman was able to dem-
15 · Maxine after she heard the 40 ionstrate how the · can form dif-
16 on a :. broadcast. "It was 8 I ferent antibodies to deal with specific 7 in the morning, ·time when l·a 471 .. He also demonstrated how 
18 ally asleep and in . kind of 48 j parts of the antibody · · adhere 
19 physical state," he said later in ! to the antigen molecule, while others 
'20 "At first I was silent. then glad- 49 i attack . 
, in fact." Porter.- \Vho lives on a ; The impact of the discoveries has 
21 Oxford, \vas sJ...:eptical 50 i been enormous. . have provided sci-
22 formed that he had •· I cntists with the tirst clear explanation 
23 told me that last year and I 51 i· how antibodies are built and, accord-
cxrlaincd. 52 ·_ing to the. Institute, ··Jaid a firm 
Though the American and the E1 !>.5 :;foundation for truly rational .. 
24 li-.,hman never collaborated :
1
something that was previously largely 
tht.:ir rc<>carch has, in ctlect. 54 packing in immunology.'' : . · 
25 I the ~a me ~ince \959. A I" . have already begun to build upon 1 
261 form complex, giant molecu.les. 1 that base ... studying rheumatic fever, 1 
' · on those parts of the I arthritis and other diseases. I 
I 
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-- -- • - -· ' -- t 
highway construction. In theory, high!: 
~ 1 . way · will run out next spring, and·.·.• 2 the Congress .-. then be more ame~.~ 3 '~able to opening up the ' · ·."'Trust, 
fund for mass transit. · ~: 
48 
49 
. NOISE POLLUTION. Congress approved 
a bill giving the federal Environmental 
Agency two years to set nevJi 
standards for noise sources like': 
motor vehicles arid construction equipJ~ 
ment. a separate nine-mont~; 
study, the EPA will .. ·new air-1i 
craft- and airport-noise limits, whicH: 
will .-implemented by the Federal A vi~: 
ation Administration. If signed . the·; 
President, the bill takes a giant step' 
in the·-~-~~~-t !~!"_quiet. I 
i 
"The main object and justification\ 
of [Central Park] simply to produce 
a certain influence in the .. of peo- · 
ple ... The character of this '!lfluence is-
poetic one and it is to be produced . 
. means of scenes,-through observation
1 :of which the . may be more or less 
:lifted out of and habits into 
which it is, under the condi-
tions of city life, likely to fall." Fred-
erick Olmsted's words on his noble 
design for Manhattan ring with 
some irony in a New Yorker's to-
1 day as he promenades his German shep-
herd past sniffling junkie on ·a park 
bench and settles · to meditate on 
the future of rus in urbe the tat· 
tered newspapers and· paper cups sur-
rounding some · sprayed rock. 
But the fact is tha!New ..• to the ex-
tent that it is still habitable, .... so 
partly by virtue of Olmsted's prescient 
and planning. 
Many of his urban designs have 
since been _., and the parks 
he completed have been eroded 
careless crowds, inadequate mainte-
nance and spurious development. Con-
sequently of Olmsted's New York 
projects-Morningside Park in 
· ., Tompkins· Park and Prospect. 
Park in Brooklyn-are. parodies ofj 
their 19th ce~tury selves. More~ver, a 
433j 
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34 i ··. -- -Olmstect' was a capable writ-------- ·o·gis-c··ecoiOgist,' eng~neei·-an-ct·con·se·r·va-11 ~f part of Ollnsted'S-- .· .... Today, the~Char:~-~--
35 er. and his thoughtful, . re- 83 . tionist, he an abiding concern for 131 acter of Central Park is stretched · .its 
searched books on. conditions in the84 the re~reshr:nent of human: ~by an in-
1 
·elastic limit. But it st!ll" survives, and 
~6 South were · as the best rec-,85 teractlon w1th nature, but with a 32 words to h1s partner Vaux I 7 lord of the slave society . had beenll thatwa_splanned or, if not planned, loy- 133 (who got dispirited · · .j still; 8 written before the Civil War. He. 86 ingly !. He drew up a project speak for many New Yorkers: "I have 1 
too. and dabbled (with disastrous results 87 that restored Niagara after its de-IJ3~~ none ·your feelings of nauseousness 11 39 to his ) in publishing. His career facement by commercial exploiters; 1' I about the park. There· no other place I 40 as a planner and spanned more 88 and the • · . of Yosemite Park,'! 3 in the world that is much home to 
than a generation, from his appoint- whose rock outcroppings were already 157J me. I love it all ., and all the i 
41 ment 1857, at age 35, as the super- 89 . -with patent medicine ads as1138 more for the trials it -cost me." I 
4
3
2 intendent an as yet undesigned Cen- 90 early as 1860, largely the result ofl -- -----
4 tral Park to his in 1895. his dedication. 
Throughout, Olmsted was known as a But it was in urban design that hisl 
44 architect. This "miserable no- 91 revealed itself. No Jiving archi-
45 menclature," as he called it, him; 92 tect could propose a , humane sub-1 
but. w.~atels~ could Olmsted call him- , u_rb than thecellul.ar plan for River-[· 
46 self? _. ·- clearness. for convemenc;~ .. 33 i stde, , w1th Its soctably curvmg layout1 
94 I and "character of . _ . . village1
1 
i for distinctneSs," he complained, "you: greens," w~ich Olmsted ~nd his p~rt~ 
4 7 i need· half a dozen new technica19g !'er Calvert . drew up In 1868. S1m-1 
48 '\VOrds at ." The fact that his cul~r Ilar master plans for Bronx andi 
4 9 tu re had no exact for his work,. 7 Other areas of New York were · ~- car-1 
50 is an interesting proof of i ried through; instead. ~he builders andi 
originality. , 98 real ~state . . 1mposed the me-[ 
As Elizabeth Barlow writes in ~ 9 cham:ally umform _gnd sy~tem that was. 51 graceful new _ , Frederick Law, 9 spe~tal target of Olmsted s anger-and; 
Olmsted's New York (Praeger; S 12.50):11 00 \remams. today.·. land~cape of Newi 
52 ''At the . . of his birth" his type of ac_J 01 York City-which, well m to- 19th\ 
53 tivity "was ~ - beyond imagining.'d century. was st~ll a landscape, mostly I 
5.2\- America's image of itself was still. -:~02 farm--·· -~-vamsh.ed under th.e relent·( 
and rural; the city was gener-1' 03 less lev~Img. ,cuttmg and filhng, "I 
55 ~ allv considered to· . past redemption, one of hiStory s greatest urban bungles: o a Sink of iniquity and profit.· . by was consummated. ·· j 
the mid-19th century, there was no . Waste Space. Except, fortunately,, 
57 - · equivalent elf the royal parks m Central Park: there, Olmsted a_nd! 
58 in which Londoners . .l refresh them.1 0~ had a free hand. They won Jt w1th• 
selves. From Boston to Buffalo to ChiJ 06 . · difficulty again.st a phalanx oti 
'5
0
9 cago Minneapolis, Olmsted set out10 busmessm~n ~nd poht1cos .. could: 
0 to supply them. He · .--designed a park,: see ~~ _pomt m creatmg sue~ wastej 
for San Francisco, which unfortunately i 18 ; ' m Manhattan. Olmsted ~ tenac-1 
61 was built. As Mrs. Barlow puts: ·1ty was.such that when . ·th1gh was: 
62 it, he "did · -turn his back on the pro-' 10 ,·b.roken m th_ree places by a ac-: 
63 cess of American. _;rather, jc1dent, he mststed on_ bemg carnedi 
he took the Jeffersonian rural ideal and 11 ~round ~he in a litter while he is 4 i 
64 itintotheheartofthecity.'' 11,.,sued h1s orders t~e foremen and! 
Complete Systems, His prototypes 11 < str~fgled to complete, I!J grass;, .. trees,: 
were, naturally, English. Olmsted had 2 hJS gallery of mental p1ctures. Though! 
absorbed lessons of the "pictur- ~114 he .. · .. ·· ?f such grand formal/ 
76 
77 
78 
~6 
81 
csque" on his first visit England and 'igardens as Versatltes, the. ~ntatled\ 
Europe in 1850-that mode of . 1 a ~t~pendou~ effort of engmeenng. Ten I 
. a landscape or a park so that rt 115mllhon . . of earth and sto~e, 
not designed, but modulated, 1Hi~eredragged 10 a_nd ofthe.area, m1I-i 
into a suggestive wildness. . sight of 111 hons of trees, vmes and wer.el 
hawthorn hedges and coppices, glisten· I planted, th~ brooks. that h~aversed 1t 
ing under .mild English sun, threw 118were ... , ~y a~ lml'resSJve feat ofl_ 
him into transports o_f :; ~wo of.111hydrau~Jc.engmeermg, mto andr ,_ 
the key texts on English romant1c 12g reservoirS, even th~ four systems o~ traf~ 1 
, Sir Uvedale Price's On the Pie- 121, !k , wh1ch Ohnsted deSigned· wresque and William ·. Forest i With unusual finesse, still work - ) 
Scenery, so influenced him that he lat- 122 . -after more than~ century. N~ de~; 
er his pupils to read them "se- 121taJI, from . marble ~~lay of a mc~e~ 
riously, as a of law would read 12~_'0r t~~ angle : a fountatn jet to the d_Js~, 
Blockstone." 12 :positiOn of a ~ grove, escaped_hm~ i 
Olmstcd's mind so delicate in its at- 12 or Vaux. The result was . masterpiece.: 
tention to .. and so wide in its grasp 
1 
! Its uses have changed-th.e dubious! 
of social _., was of a sort not often 1 ~~~ honor of · . the. first car m Centr~ll found elsewhere 19th century Amer- :Park went to one . ·. · · Bu~by 1nl 
ica; he was, in fact, the American 
129!1 898, and the present mfestatJOn of i planner to think holistically, in terms I .. and ugly monuments was no~ 
· 82 of systems. Architect, social; . 433k 
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:The Airport Dilemma . )46 
I A Boston official was recently asked.'47 
1where the could build a new air- 48 
!port. Without hesitation he- ·, .. In: 
jWyoming." '~9 
1 The empty West is one of few places 0 
3 1 with room for airports. Around, 1 
4 jmost major U.S. , home owners52 
5 I' have risen in vehement objection to -1 
6 noise of air traffic. Pending suits against,'~;; Los Angeles - -.for example, i 4 
7 now add up to an incredible · billior>., 5 
iin New }'ark City. au~hor. ities have!s6 
8 I been · down every llme they have''7 9 proposed a site a new jetport with-j 
0 lin 75 miles of Times , lndeed,58 
1New Jersey Governor William T. Ca-
1 lhill's election called for pro-
2 hibition of any large new airports ·-the 
·!northern part of his state. St. Louis, 
3 ! Minneapolis-·. , Atlanta and S?-n 
: Francisco-all face the same problem. I 
~. . citizens flatly reject new airports!' 
; in their communities. 
! ~-teantime,anestimated 183 million 
! travefers will use -~ _ --·airports this I 
i vear, 13 million more tnan last • 
! By 1982, the Civil Aeronautics Boordll 
i contid~ntly predicts, million pas-
isengers will annual!~ travel the airl 
1 routes. . , then, wtll they land? I 
I Expansion. One solution would be. 
i to reduce the hostility airports by 
j changing the nature of airplanes. If 
I much quieter plane could be developed 21 -and engine -are begin-
2211 ning to muffle the thunder of the 
23l new jets-then the major complaint 
24 againstairports · beremoved.Sim-
25 'I ilarly, the development of a quiet ' 
26 
(for short take-off and landing) plane 
would make:c. use of short runways 
27 that either now exist ( ll.S. has 
12,000 airports, more than half of 
28 are small, unlit fields) or could 
29 be built strategic urban locations. In 
· 30 I theory, the STOL planes · unclog•'i9 
major airpNtS because two-thirds of all 
31 there are short hops, less than 60 
32 500 miles. experimental STOL 
3 3 , models are now flying, but designers . . 61 
I 
confident that these planes will be a re- 62 
34 ality · a decade. 
,.
5 
i In the interim, existing airports 63 
.1 i;ould be expanded- at immense 
!expense. At Newark International, the 64 ~ 6 :Jotal . for expansion was a stagger- · 65 7 1 ing $400 million, or than double' 8 iwhat it cost to build the in the first 66 
59 place. Land is the most · el- 67 
---- ---~--!:"-
· vides matching federal funds for----~. 7 61 passenger dri~es ;o a parking· close 
construction but only for those 77 to hiS gate, checks m at the and 
that take ' to protect and boards his flight. Total walk once he 
"the national quality of. ." To 78 to the termmal s door: ys feet. 
pare environmental studies gain 
7 9 
Dallas-Fort Worth, whtch wtll open 
ernment approval and. · a new next fall, the same orinciole:-on _a 
cility airport officials say can take 80 Texan scale. Four termt· 
to t5 years. As a result, ~ost new nals stand on opposite sid~s of a· cen· 
plansarebeingshelved. 81 tral .road and. are lmke_d by an 
Ironically both Kansas City 82 automated mtratermmal system, 
Da!las-Fort Worth a :·horizontal elevator" capable of ear-l 
airports in the mid-1960s, . . 83 rymg 8,000. . an hour. Eventually,l 
acted, and both worked out bold 84 a~ atr traffic mcreases, the : ,. mtlhon 
new schemes.· - keY ingredient: . . I a1rport will expa~d . by bu.Ildmg mne 
ty space. Kansas City bought and , 1 85 more . butldmgs wtth a grand 
options on 10 400 acres just 17 milesi 8b! total of 234 gates~ · . to handle 
from ' The Texas cities 187 i 60 million passengers a year, or· · ·pro-
·1 jected needs to the year 200 I. 
, However efficient the "drive to your! 
88 : scheme , i .. t does have a. few.l 
89 i · Architects at· St. Louis 
I . -· . - -- ·-
MODEL OF TERMINAL BUILDING AT NEW DA.LLA5 
Shortening the 'long voyage home for 60 f i _. I 
dropped their traditional rivalry to. 1 I firm of ~el.lmuth. Obata and Kassa-
. 17,400 acres-a parcel larger•90 [baum, pnnctpal . . of.theTexas. 
than Manhattan Island- be- 91 1 atrport, admtt that atrhnes wt" 1 
tween them. The extra land around the add perso;mel to se.rvtce each gat_e. 1 
runways a buffer between airport 92 Ctt~, J.J .. 0 Don ne!!, ~restdent'l 
and community; it is · • for light 93 of the Atr Lme Ptlots Assoctatton, . 
1 industry, warehousing and other uses ·_~tha~ the many gates w!p hmder anh·i 
unaffected. the roar of jetliners. 94 s~ypckmg proced'!;es. . seen 
Even better, the planners have mad"e steve wtth less holes, he says~ .•~~,~~;~sr;~j 
the new . . into more pleasant! But the real proble_m wtth 
places for air travelers-and ·1 95 as a . . to the atrport 
the long voyage home as well. Anhe I 96 ; tha~ btg plots land are 
. million Kansas City International, i 97 avat!able on th<; crowde? 
which was dedicated last _ ., Archi·l· 98 coasts. where atr traffic IS 
40 
,ement, mainly because airports usually 
1 attract development around ., be-
: coming mini-cities in their own right. 
41 ! At O'Hare, for example, land! 
42 1g?es for $125,0?0 an -a price that
1
1 
tects Kivet_t and Myers designed three . ·I~ response. ~e':". ~ ork . 
68 almost circular , with as many! I studxmg .· posS!btltttes of bu 
691 as 19 gates each, and out a fourth ,I new jetport five mtl<;s at sea. . , 
: a1rport economtcs cannot pay. 
i The cheapest and best solution is 
43 :to build completely new airport wher-1 
44 !ever possible. With this in , Con-~ 
!. gress passed the Airports and Airway 
~5 \Development Act· 1970. The act pro-
i 
7 0, circle for future expansion. In , ~ _,studt_es. mdtcate that 1t w?ufd .. abo~t, I they are planned like the simplest (and: $7 billiOn to .:reate an atrport JSland- / 
71 I oldest) ., with planes on one side! 1 o-:r the Atl~nt~c, s~ys La~'(rcnce Le:ner,, 
12~ of the bmtding, counters practi-: ~the proJects ~estgne_r. . .to bull.d a.! 
73 cally on top of the gate and ,10 comparable atrQort mland wo~ld0 coseti spaces at the front door. Instead of long. 4 least $5 billion-not countmo_ th,,, 
7 4 · from curbside to plane-a quar- 105 costs of . . and pollutton. ! 
7 ter-mile is unusual-the departing I There may be no o:her alternattve ....... 1 
1- . ' 4331 
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• 2 That Awful Smell 
ports were on their way: 1 
twelve tons · West Ger- t 
More than a year ago, the burghers many, 18 tons from Switzer~ 
land, 20 tons Sweden." 1 of in eastern Belgium began 
2 complaining about "that awful ,. So he joined with another 
emanating from the rusty vats stored Belgian firm made new 
3 in an . sugar-beet factOry. arrangements. In Hasselt, for 
4 Cats died from it. Trees thei example. he 50 tons of le-thal chemicals in a shed. 
leaves. Grass turned brown. One of the .. .c. 100 yards from the Al&ert 5 vats burst. and the stench. rath- 3 3:. ::• """" Canal, which supplies 
6 er like th~ . of deco~posing rats, ::.::~,~ with its drinking water. 
7 brought still more complamts from '"/ · "This case is a very se-
village of Burdinne, six miles away. 34 .. rious one," declared 8 Only last • finally, did the min- Minister Louis Major when 
9 istry of tabor, which deals envi- 35 h h d h d ·1 ... ronmental prOblems. get around to in- e ear t e etaJ s. · 
several nights we couldn't, 
10 vestigating. It found the vats 36 leep at the tho ght the 1 
contained between 2.000 and 3,000 tons s u tons of-cyanide at Hanneche.l 
11 potassium cyanide-theoretically 37 We couldn't ·.how 
1 (:! enough to.kill every person Europe. such imports \vere smuggled! 
The poison. along with tons of oth- 38 into our dear " 
13 er toxic , had come from chem- · Belgium has pienty of 
14 ical plants all_ov~r Europ~~-~--.:_ .. !?e- laws designed to protect 
cause Belgium has extremely tolerantl: 39 from buyi_ng toxic· 
15pollution laws, partly the vilj products but none to control 
I age of Hanneche (pop. 300) has a rath- 40 · .. disposal of toxic wastes. 
1t.;er tolerant . . Specifically,_ Van den Bogertandotheren-
Mayor Edouard Elias and his town' 41 trepreneurs , and legal-
17Council struck an agreement with · Jy took advantage of the sit-
18a newly created Belgian corn- · 42 uation to turn into 
panv named Vebeka. Elias got a seat Europe's dump. Belgium even made a] 
19on companyboard and Vebeka got 43 profit · .all the business-confirma-1 
20a license to wastes in the cav- 44 tion of Premier Gas ton Eyskens' ·. I 
21ernous old factory; the town . get that "prosperity is more impoitant than 
2255e per ton of the lethal garbage. 45 the quality . life." 1 
Chief Adrianus Van den Bogert, a The Hanneche scandal changes all 1 
231Jutch citizen. told. villagers: "There 46 that. Belgium's Parliament. ·expected I 
24isn'tanydangeratall,believe _ .. I have 47 to act this week to outlaw any_ 1 
. experience in these things." . dumping. At Hanneche, 50 spectalists 1 
Lethal Chemicals. Nonetheless, 48 from the civil department,\ 
fearful Hanneche authorities refused to . wearing rubber suifs and gas masks, 1 ~')renewVebeka's-. .-,soVebekawent 49 now ·· -carefully examining and re-I 
2bout looking for new dumping. . '50 packing some 10,000 drums of 1 
"I had to do something," says Van den , wastes, many of which turn out to 
2.'( FR1so_ENDT Bogert. •: big trans~ 51 be." "concentrated orange juice." 
· · ?~ The p01sons are to be to the 
nuclear center of Mol, near Brussels, 
: 53 scientists there do not have the 
54 means to rid of the toxic stockpile ei· 
5'i ther. The likely solution: the poi-
, ,o sons will eventually be dump.ed out 
. 57 in the Atlantic. It is another place 
no laws prevent cheap disposal. 
433m 
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I 
Th IV' t F d ' dently. two other buffs have i 45 with 96 -~-:---~Tfiepieces are identi· I 
.1 e e er ee er j 11 chesslike games ··- three players, 46 ea! to those in regular.- and gener· 
· Joanne Schrioch is an antiMmete 12 competing at the sa_me time.· 47 allyaresetupandmovein tradition-
, maid in . (pop. 1_1,084), ter- col!rage the formation of '"al way, with a few exceptions: the king ! 
. ritorial capJtal of the Canad1an Yukon. 13 wh1ch two can gang · 48 ' lines up to the right of the queen, I 1 
Ananti-metermaid?ltallgoesback. 14 third while at same time scl1ernin,~ 49 move in curving arcs, andf ·i 
2 1968 when the town fathers installe<i 15 to doublecross each other. The 50 knights placed in star-shaped center
1 
i 
3 340 parking in the ten-block/ balance of power and Byzantine 51 'of the board can cover squares in- ) 
4 downtown section to augment city's 16 ment result in· ,l<:hess contest that a 1 stead of only eight. Zubrin's game per-[ I 
modest revenues. The meters did no 17 :singer or Metternich would 52, m its . players to confer and plan mu~~ 1 5 produce. .. . until five months ag The new games: 53 tualstrategyagainst third and allows 1 
o when Whitehorse hired an . lo· ~ INTERFACE, developed 54 any of the players tO· . -his oppo-: · cal girl, Valerie Matechuk, 26, to po 18 Builder Ken. Mobe:rt of . nents by announcing his intentions. The!' 
7 lice the , .· and hand out $2 tickets · 19 Calif., is played on a Y-shaped 55 first .. · . to checkmate another inher·. 
8 to overtime parkers. ·footing it · with 108 squares and 18 56 1ts hts pteces for an . on the re•j 
9 around her circuit at least twice hour, · 20 quadrilaterals. Six . the rnaining opponent Thus the unalliedi· 
Valerie has so far issued thousands ol -which are located in 57 player ·.. wreck a partnership by I 
10 _ worth of citations. In the pro·, 21' ., or interface, where . 58 mounting a furious_a~tack . on~ of hisl 
11 cess, downtown store complain, 22 ·tors of the· meet-are 59 two tormentors, gammg a supenor _ I 1 12 she has driven a lot of business . to 23 and called "transit points." and then pointing out to the other 
1 
, 
a recently opened shopping center. ! ditional chess, each player starts 60 that himseJf would make a far better. 
Last month Bob Erlam, publishe 24 with regulation army of 16 61 ally. That. ·. . .often induces one[ I 
13 of the \Vhitehorse · (whose mock -I, 2'5 -red, black or ~which 62 partner to switch sides. In·-- vari- ) 
Latin motto is "lllegitirni non carborun·! 26 the standard way, unless they ation, the elifninated player's pieces! 1l I 14 ,"or "Don't let the bastards grind; transit point. Then strange things 63 simply become deadwood· the board,[ 
15 you down"), · · that it was time to/ 27 . A bishop, for example, , thereby complicating play. Either way, 1 
16 curb Valeric's ticketing._ solution:! 28 transfer from a. row of 64· says · :, Three-Player· Chess is I 1 
the deployment of an '"'anti· meter maid"~ 29 squares to a black row.,. , 65 "more-complex than chess. . not as 1 
17 .. would make the same circuit as1 :50 ;a transit point in their regular· ·precise. It is more psychological." · ~~~ 
18 Valeric, and ... · almost expired me·l· pattern. knights can occupy Zubrin is dickering with toy man-
19 ters with nickels instead of i"uing I 31 di~tely adjacent They 66 ufacturers for U.S. of his 
.. Her wages (about $90 a week) andi qUire power far more ; three-handed chess game. Meanwhile, 
20 expenses · · be paid by Erlam,! 32 regulation chess. But what F:n: it being sold in three European coun-1 
21 Hougen's Ltd., a_do"':'ntown ·. · ·! 33 terface its spice the · 68 tries. Mobert, with ·. partners, has) I 
store, and contrtbuuons recetved from. forming shifting alliances. When :formed a company that sells Interface I 
grateful nonticketed motorists. \ 34 unite against the third and 69. . department stores and also fills mail\ · 
Erlam hired Joanne Schriocn · •
1
· 35 admmisters a he 70 orders (price: · ) Hundreds of or· (1 
22 20'year-old· · .. · .• education col!ee<' 5o over the eliminated player's ders have come in-apparently fromf 
23 graduate, for the job. Armed with· ·sup·/ immediately turns them 71· .: who have a taste for treachery! 
ply of nickels, plus leaflets explaining! 37 while-ally. · , even when 72 along with·. .. love of the game ... ~·_I 
24 her. . ~to vehicle owners and suggest-) gether (direct communication bel:ween! 
2<; ing donations, she started . '. Nov. 8.1. 389 players ' forbidden), the two A" c· h s ' .. ' - 'I 
26 Since then, she has put coins ' nearly. 3 must constantly guard against. 8,3. lr ras urvlvors: . . . I 
9QP nearly expirpd meters, but to avoi<!J: . their positions vis-a-vis each The Troubled Aftermath i' I, 
27 · Contlic.t ~1th t~e law has ~OL[ ~8 touched the· · exptred ones, leavmg . To survive after near annihilation is j \ 
those to Valeric's mercies. Joanne's! · 1 to acquire ·special knowledge of death J 
29 -meter activity has met with a war~· 2 that transforms life forever . So be-.i 
30 reCeption .frosty Whitehorse; contri lieves Robert Jay Lifton, the Yale psy-::-+-1 
31 butions so far have reached $500. 3 chiatrist titled his famed 1967 
even gets along well with Meter Maic 4 study of the Hiroshima :Death 
32 Marcchuk; two girls often meet o1 in Life. Few behavioral scientists have\ 3) their rounds, and . , have lunc 5 studied -crash survivors; after all, I! 
together. . 6 there have not been many. But Lif-7 ton and some of his colleagues 
8,2 C'-"SS for Three tha. tthe men and women who have lived I 
I ~'W" 8 air disasters have something i!l 
As if chess were not complicatedi 9.common with those emerged alive I 
1enough in ... classic format, innovatorl. from the atomic holocaust of 1945. [ 
2have over the years developed '' The psychological effects of disaster 1 
that make the game even rnor 10 are intensified by swiftness with! ,1 
3comp!cx. In yersion called Cap a MOBERT {CENTER) PLAYING INHRFACE 11 which it strikes. The crash in Ev-! 
blanca Concentric Chess, the pieces. A taste for treachery. \ erglades of a Miami-bound jet last tc:-rt-/ 1.· I 
4mave .. spiraling arcs around a circuj 1 12 night came a complete surpnse.i 
5lar board. A number three·dimen 4? The.. ends when the second player: Graduate Student Joseph Pops-on re-l I ' 
sional chess games have also made thei~ 4 has been mated. Mobert: "It's like: 13 membercd a book one minute( 1 
6 ) including one invented b 42 ~~al warfare. You cooperate as as; 14 and the next. "waking in a puddle: I 
Russian·born Mathematician Ervand Its to your advantage, then the back! 1 'i of water with one shoe, jacket and! f 
7 .. Koghctliantz that was so bewilderin~ 4) , begins." , 16 glasses gone, and an engine lying j 
8thnt it never caught on; it is! 4.4 ., THREE-PLAYER CHESS, invented. by[' far from my head." To cope with their! i 
bp\ayed on an eight- board with 641 University of Rochester : · 17 - ' · in this sudden shift from 1 1 
_:.___!_ .. pi~ces ~~-~ side._J'i2_~, --··-- ·--··i-~~~P~t:l~ ---··· ~-~~~-rt Zubrin, uses a hexagonal~oard 1 18 calm to catastrophe, ___ ':~&i~. at-t i 
433n 
19 most- at Once to exper1ence a kind · j 55 ------ .. ·tlncraway to assimilate this tniu~ · ~--~--·~-------·-· ---
'"psychological closure" or "psychic!· 56 ma into. . lives?" 20 numbing"-they "simply cease feel," · · What can make that proces~. diffi- ' • 
Lifton explains. i 57 cult is "the of the survivor -the 
Occasionally numbing can show upj 58 usually irrational feeling in who 
21 as forgetting. One crash survi~\ have survived concentration camps, 
vor, George Gaudiello, reported that 1l '19 atomicwaror-' __ disastersthatthey 
22 "my wife me she unfastened my 1· 60 may somehow have caused the 23 seat belt and we · to a group ofl of others, or may have deserved sur- . 
24 people who seemed in. good con- 61 viva! no than others. Stewardess 
djtion. I have no recollection of this." 62 Sharon Transue, for one, reported 
Denial. Several passengers numbed I the Florida accident: "l kept think~ 
25 their terror with triviaL . Af- 63 ing, I'm alive. God. But .I ,won-
ter helping free a fellow passenger from 64 dered why I was spared. felt. Its not 
26 the , Thomas Rothenberg, al65 fair; everyone else is hurt. aren't 
warehouse supervisor in New York I?" Recalling his own esca~e from a 
27 . ; stood around with t~;ee other sur-1 66 . atO'Hare Airport in Chicago, Ge:\ 28 vivors and, he later, talked about· 67 ologiSt Richard OJ~kangas ·· 2~ what we did for a .:" Stewardess "The plane burst mto flames, and my 
Beverly Raposa led Christmas singing, 68 son . said, 'Dad, there're still peo- 1 30 afterward recalling, " didn't do very 69 pie in there.' It's . ,. I feel. Why 
31 well on Frosty the Snow because\ 70 didwegetoutand them?" 
no one could remember the words." ~1 Some survivors conclude, uncon-32 Sometimes takes the form 71 sciously, that they got out· they 33 of inap.propriate behavior helps/· l'~~~~d ... a kind of magic invmcibility .. people deny what they are really feel- 72 For ·· ,, survival is "the moment of 1 
34 mg. , rescuers reached the scene! 7 3 power," as Social Elias Canetti 
3') o~ the recent cra~h the A~des, theyl72t putsit,andcanconfera· .. sense of I 30 witnessed some btzarre behavio~ on. 75 being in command of death. In [ 
par_t of the men w~o had canmbahzedj cases, a feeling of invulnerability pre-1 
37 thC!f com~amons (Tt~IE, Jan. S). 76 cedes survival and produce a cava-1 
38 Try1~g to tdenttfy the bodies, one.
1
77 lier attitude.· in the midst of . John~· 39 survtvor toss~d ~ trel;lanned skull~? Rauen Jr .. a former Marine who sur-
' and said m a J?cular :vay, Youl 78 vived .. War 11 combat, reports 
40 should . ,; who this guy IS, you ate[79 that "I knew we. . .. going to crash, but I 
41 hiS brai.ns.. though thiS 80 I didn't expect to .. ''Psychiatrist Stein! 
42 sounds, It. ts als_o an understan~a?Iel calls this mental invincibility "the silver I of the need of the hvmg1 81 _ ... -. reaction"-the conviction that)· 43 to conceal- from themselves/82 "nothingcangetme asilverbullet.") 
44 -how devastated. they felt by the More often, according to Lifton, a i 
:- _ofthetrsurvtval.. _____ __ 83 brush with .haslong~lastingeffectsi 
Some survivors may not fully real~ 84 because it brings the face to· 
· 45 ize for months they have been in face with his own mortality, especially 
46 an accident. A week the cra~h near 85: . the possibility of "premature death 
Chicago's Midway Airport last month, 86 and unfulfilled life.'' survivors re-
47. Edward Stein of the Uni- 87 mainforever"inthralltotheir Jen-
48 versify of Chicago Medical . in- counter." For some, the "death spell" 
terviewed eight survivors. "No one," he 88 takes the of "fascination with· 
49 says, "was · . by anxiety," 89 scenes of death and devastation." 
, though "there were bad dreams" and grieve because they have lost their 
50 " great deal of psychic denial" of the 90 "innocence of ." 
51 threat death: "it's lik~ the pupil, . AsLiftonseesit,everysurvivorfac-
: 52 which contracts m h~ht .to av01d 91 es a task: to overcome hts psy-
. being overstimulated. Thts ts good, ·92 ·chic numbness, to open . to his 
53 ·. adaptiveness," Stein explains, 93 real feelings and to find meaning 
. 54 adding, "The question is, will , pupil value in his encounter with death. "The! 
dilate again in the dark-will these 94 result," toldTIMEiastweek, "can 1• ·;:;~'!'!i'~'??"'f!'TI'''v'."'TI"c;"~ 
9
9'i be an increased· ·to feel, or even I ~~ 6 the kind of expanded, · . that! 
many seek in drugs or meditation.'' It[ 
97 lead also to a sense·of rebirth. Oja-
1 98 kangas . that ~'things are different. 
99 for me now. I · everything! 
more, my children, my family, every-1 
100thing." But is concerned: "I wonder( 
101 how long these feelings · · last. Will II 
102 become too busy again to ?", 
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• 1 The Sick Skyjacker 
. "That poor Houston ticket clerk 
1 never had a ,"Dallas Psychiatrist 
2 David Hubbard said last week. "He · . 
the first rule in deaiing with a para· 
:S noiac- . crowd him or move at him 
zt. suddenly-and .. , an instant, deadly 
education." 
Hubbard was talking about Airline 
5'Agent Stanley Hubbard.* · was 
killed last week attempting to stop four 
6 skyjackers from boarding an 
7 Eastern Airlines jet (see U.S.). If 
airline employees and passengers-and 
8 Government agencies, -are prop-
erly educated about skyjackers, Psy-
9 ~h1atnst Hubbard . , tragedies 
10 hke the one in Houston can be · -
•· Skyjackers, says Hubbard, are not· 
11 r.ormal men who be dealt with as 
12 if they were ordinary. · .; in most 
cases they are paranoid, suicidal schizo-\ 
1 3 phrenics whom the threat of death 
14 lS not a but a stimulus to 
15 crime. Thus Hubbard believes the 
6 
Federal Government is endangering air 
1 travelers by _ its belligerent pol~ 
17 icy toward skyjackers. In fact, he , 
7ach time the Government escalates I 
18 tts response to . piracy, it excites\ 
19 the interest of "mutations.'' new _ . 
· of psychopaths with ever more dan-' 
20 gerous tendencies toward · . 
Women's Undertlolhes. Hubbard 
21 speaks with some authority. He the 
only U.S. psychiatrist who has studied 
22 the ·• phenomenon. Supported 
2' by a $200,000 grant from a Dal-
las foundation, Hubbard in.the past 3t 
24 yea~s -- t~ped hundreds of hours of in-25 terv1ews with 50 .·skyjackers, 
6 
worked with airline crews to develop 
2 techniques ' handl-ing piracy, and out-
27 lined his ideas in a book called 
The Skyjacker: His Flights of Fantasy 
28 ( .; $5.95). Hubbard's go-easy I 
29 approach is anathema to .-tough FBI 
30 officials and many pilots. But there 
some evidence that it works: Hubbard 
'1 h ~ as personally -managed the 
peaceful surrender of three hijackers. 
' The principal characters in the 
'2 Houston skyjacking and an unsuc-
"" cessful attempt two days later at New 
/.1 City's Kennedy Airport seem to 
·34 give Hubbard's theories more cre-
dence. Charles Tuller, who led the band · 36 took over the Eastern jet, could not 
) sustain marriage, hated his ex-wife, 
'7 and was said · be awkward and un-
. comfortable around women. The man 
38 . was subdued before he could hi-
,9 Jack a National .jet in New York 
40 was discovered to be women's 
underclothes. What is known about 
41 both men to confirm Hubbard's 
belief that skyjackers arc emotionally 
42 . In his experience, they are 
43 not strong, masculine i but 
weak. longtime los~rs, men who have 
.. . ., .. ··-···· ·-· ---- - - I 
44 failed·-: life and love: They tend td 
4J be passtve, ...... _ ., latently homo~ 
6 
sexual, and afraid of their eldest sistyd 
4 . mothers. 1 
"! never dated. I didn't know how 
47 to .," many skyjackers have conJ 
48 fessed to Hubbard. When a ·1 
gets married, it is usually to a womad 
4 9- "seduced him first and proposed 
50 later." Adds Hubbard the skyi 
Jackers he knows: ~'Almost without ex~ 
51 ception, the were reviled by thei~ 
52 w1ves, strove to placate and were 
often cuckolded." One betrayed skyJ 
5' jacker's wife her husband that h~ 
54 had "never pleased her. ·, had a 
5'1 tiny penis, and not the least ·_ . in thd 
56 world about what to do with .. " j 
Shattered by that kind of accusa; 
57. tion, a husband . try to repair his 
58 ego by a daring of air piracy-at 
59 the same time symbolically · bac~ 
at other members of his family. Obj 
60 serves .: '"It is not difficult to 
61 discern the delight experience<j 
6 
when they approached little sister.; 
2 mother stewardess, in hand, and g-:; said, 'Honey, we're going all waY 
4 -to Cuba,' and the sense of power I 
derived from making daddy (flying th~ 
6'i plane) stay ., making him permit the 
60 abuse of ·sister-mother, . forcing hirJ 
. to perform the bidding of sonny.'' i 
Numerous skyjackers have con-~ 
6 
fessed suicidal fantasies tO Hubbarct: 
7 . this intent is displayed when I 
68 a skyjacker purposely opening 
his ch~te a~tei- jumping from a plane~ 
69 . . 1t comes out in an expressed; 
70 md1fference to • Said one young 
71 man: "I bought me a ticket and a, 
:Z2 pistol.! thought, I'll either ·or I'll do 
·r j it Either way was O.K. me.'' Thus 
74 
for many skyjackers, Hubbard says. 
death be "not the ultimate pun-
75 ishment but the ultimate ." ; 
\Vith such men, Hubbard belieyes~ 
ACCUSED SKYJACKERS FRANK SIBLEY (UNITED 
. AIRLINES), STANLEY SPECK {PACIFIC 
SOUTHWEST), WILLIAM GREEN Ill (DELTA), 
. EVERETT HOLT {NORTHWEST} 
. -. r· 
I 
, ! 
7
6the 'it;r~;;t;;r---, 15acfuafly "coun-
terproductive." In fact. the skyjacker 
~7~eems · ·. respond to greater force With amcreasingly violent tactics . his own. 9A good example, says Hubbard, is 
·sky-marshal program ... Before marshals 
80arrived on the .. ~- • skyjackers were 
arming themselves with pistols. \Vhen 
8fthe . ·escalated, so did the hi-
82jackers; now they use. pistol and a 
83bornb." To make things worse. Gov-
ernment has virtually abandoned the 
84marshal program, yet made only 
85 a low-key-and little noticed-, 
· to that effect. As a result, 
86skyjackers have reduced lheir ar-
maments. Similarly~ an offer by pilots 
87 • airlines to pay $25,000 for infor-
88m_ation leading to. ~skyjacker's arrest 
tnggered responses from armed bounty 
89hunters were .. usually more dan-
90gerous and deranged than the 
;;"The offer was withdrawn-but so 
91 qUietlY -that •• -- .. :.,.-.;- of thoSe nutS""-art 1 
92presumably still riding planes I 
for trouble and likely to provoke 1t: · 1 
The greatest deterrent to skyjack-: 
9'ing, Hubbard says, would an inter-' 
national agreement to send the air pi_l 
94rates to the countrv. where they i 
95committed their crime. ·· excep-1 
tion, skyjackers have told Hubbard that! 
96they would : have gone throu•hi 
97with their plans if they ·been c:r-: 
98tain of immediate return to the U.S. I 
particular, Hubbard told TIME ·corre-
99spondent Leo Janos, the men who' 
1QOkilled the agent in Houston must sent' 
101 back by the Cubans, "or else the of! 
·every airline ticket agent in this coun-~1 
102try. ·up for grabs." Hubbard acknowl-
10,edges that negotiations with may 
1 04be difficult, because "it was the U.S. · 
first conJoned skyjacking; after the 
105Castro takeover, we . as he-
roes those Cuban refugees who hijacked-
1 Q6planes. boats to get to freedom." I 
Another debatable deterrent that 
1 07Hubbard advocates is elimination the1 
death penalty so that skyjacking can-1 
1 08not be · . : as a form of uncon-1 
1 Q~cio-us suicide. He also stressing1 
r·~" •:,:t~ ~:: : the skyjacker's sex~ai problems to makej ~~ ~.~·2 rf.•,',F~· 
1 
11QPI~acy hum1lratmg rather than he-1 -~...._~:~--~->'' :; ':, .;<.:;~;~;.<~ 1 111rmc. It would help if . press played i'~~~ .~·,>' ~':[.~-;;;~:-,~~· ~ down the details of particular crimes.i ,.~---.r~··. ,.--,., . 112 ' \"._ ~if~_b:.~ (?-. ~ ,;; >· 1 • , says H ubbard, "are likel ~ 1,_'1··::-~~'·i 1·: ~)~::J 1 1j-;mall boys acting out- play for which I 
·· .~o·c!"·;· ~Ji4'~ ·1 they have rea~ the script." ! ~r~/:~< ' .',~-~~u-,.·~fu ... ~ Latent VIolence. For those whol ~ 1 \~ "· \¥/.[. .: \~ ".11~~~,~;:~ 114s~dd~nly find themselves victims of~ 
l 1- ·~J! .V ··~, I air p1racy Hubbard recommends treat-' ~ t. '(_,t<" ·:;.:;:.' :.~~';-: 11 l)ing the like a frightened an _I 
j ' r\, /:~r- ',·~14 slowly and deliberately in his presence,, 1., · t~;- .~;_::.~,[/JI11fiimai.Passengersandcrewshould I 
~ ~ :,.,,l_.·~~l 117and show , warmth and under-] 
,j ~ ",:.f.'}-::::1 ,'·~~ 11Sstanding in order not to trigger la-1 /.:~ ... :~]· _·--.-.~-~.-~.~ . J'-"·l- tent violence by making him feel cor-] 
:.·· ::': ·,. ~~;i~JS' _.g .j: 119J1ered or . Passengers should: 
· 1~ ~ .. , ".~<g; "i':X ·_ .. ! stay non-committally aloof. stewa~dess-i 
i 
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es should . seductiveness because!: l:-1"1a melange of 'IV -,..,- .. produced eni . :research: Rick);·sat -in .. a· Parker Towers --· 
this frightens air pirat~s, and ev~ryone tirely within the apartment complex ... 57 'lObby Sunday afternoon. "I asked 
should avotd any tnckery, · · The undisputed star of T~T-V-6 ESI 58 all the people gt;in~~ and out i_f .• ~~ey 
which is especially alarming · para-1· 12Andy Pahopin, . the chief mainte-1 ';I watched the statton, he .• and 
. "'~he crew needs _the same un-· 13nance ma~ of Par~er Towers, · 1 fo~nd out that 49% didli't and 51% 
derstandmg of - tll people as al apartment JS convemently located a "few- 69 ." Impressed by the viewership. he 
nurse in a psychiatric .," says1 j4doors away the 9-ft. by 11-ft. TV 6 . decided to advertise ·T-T-V-6. But 
Hubbard. Even with. o~t t.r~ining, airl ~studio. In ~ddition being host an1d· 6 when Station Manager Hal Goldstein, personnel often· mtuthvely whatj 16-hief interviewer on many of pro 2 22. · · out about the poll, he offered 
theyshoulddo."Manytimesa will. grams, Pahopin has his own "Uncle 6~.Ricky a spot to talk up the auc~ 
haveworkedwonders,havetheskyjack~ 17 Andy" .show, features Parke · 6lJ.,tion(which netted· ). 
er at pointofgivingup,onlytoland youngsters dancing, singing and-ac T-T-V-6 reaches· TV sets in the 
in airport where 200 po.Iice are wait- 18times- · about their parents~·. 615 ·apartment complex · the master-
ing. In a ·,the hijacker has a gun at 19'on-camera. A 5-ft. 10-in. -haired 66 antenna system. It was installed and 1 
30 the capt~in's ~" extravert ~vhose previou~ show-biz ex- 67 ·.maintained by a_small firm named 
Outstde forces can be useful, how-· 20perience IS , Pahopm suffered a[, 1 Tei-Vision. an offshoot of a firm called 
as Hubbard has proved., ,21 ,twinge of self-doubt when . offered' 68 ~O~Vision. · which sp_ecializes ~n I 
year, for instance, he managed, ?2~the job. but is now having a 69 master-antenna systems apartment 
long-distance telephone to Argentina, to1 2:> time. "If I have to keep on doin'g , houses. AI Simon. president of both I 
maneuver AWOL Robert Jacksonl . nights a week, I'll do it," he says. "But 70· firms. T-T-V-6 hiJS the first live 1 
into surrendering 70 hours after he- I 24. don't want to take the spotlight from 71 tenant show in· nation and is plan- 1 
hijacked a Braniff 707 at San Antonio 25:'!other too much. Overexposure '12 ning to set up more the New York j 
~5 ,and · it to Buenos Aires. "We! 20 "can be detrimental-look what 73 are_a. ''l.starte. d it because have been : o were dealing with very tired skyjack- 'j '.to Milton Berle." 74 a. believer in CATV lc<lble TV!· I 7 er who had not slept for of 48 1 Apart from Andy's show, there is ! years." he sa:Ys·. "W.e have t_he ability to\ 38 hours. I figured if we could . him. 27; enough activity keep T-T-V-6 Cam- 75 a ncighbor. and that JS what TV 1 )9 .with problems at the low point of.· fa- i eraman Amon Schneider, 16, fully oc~ 6 should :· . .1 
tigue and will to continue, we wouldl · 28 cupied· the early evening hours. 7 In tha.t spirit. T-T~V~~ plans to add_; 
40 have -and we did." . -· I 29 Patrolmen and firemen_drop. . one 77 to · repertory soon such ncighborly i 
\Vhile waiting for Jackson ·to get to! i .ri.lghf .. a week iO ieCtUre. An A.S.P.C.A.'i 78 shows as Little League games and I 
that ·· ·- low-which Hubbardl- 30~ will soon begin appear- I other sports events conducted on near- I 
sayseveryhumanbeingreaches. . ..... 31!ing on-camera to offer '"dog. of the:j79 by ' .. and reportsoncommu-•1 
5 a.m.-Hubbard counseled against ac- · 32· week" for adoption and give on 80 nity activities. Eventually. it will . ! 
tions that might make Jackson:s ~.pets. There. will also be_ political debates., show first-run films. for whi_ch subscn~- i 
. flow. The f:kyjacker, fo~ mstance, · i ~or a time, Pahoptn ha? hop~s that 81 ers will an extra charge, and-If_, 
had demanded a :.; for a ft1ght to AI- 33· M anon ·. . , a housewife With an 1 82 . HOs-t Andy Pahopin. ·-his way-a.spe- ! 
geria. At Hub bard's insistence, _ 34 English accent. w?uld become· Par-[ cial featuring a belly dancer.· ; 
, Braniff officials reluctantly agreed to ; kcr Towers versiOn. of Rona Barrett 1 1.· 
keep the DC-8 ofsight: "If ~e had1r 3'1 -and he . mtroduced her as! 
seen it, it . . have pepped him ';lP,. )&i~uch_. But Manon w<?ul:J ha~e of! 
enormously." Hubbard also got. • atr~ ·: 1t. Instead, she specmhzes m engage-i 
line to replace a radio operator whose · 37
1 
ment. announcements. · .. and i 
voice, .17hours,hadcometosound travelmg tenants. A_recent fl~sh: Wel-
familiar and ·to the skyjack- 38 come home, Mae B1rge, f~om 
er. After letting Jackson stew in · 39. your Caribbean cruise. Too bad 
for zt hours, Hubbard next inject- couldn't take along your poodle to en-
~2 ed a of anxiety by having airline· 40ijoy it you.~· Marion explains that 3 oft1cials notify the that they w~re 41 ! her h~s?and ob~ected to R?.na Bar-4 no longer physically fit to '· Heanng : rett b11lmg. BeStdes: she says. I reapy 
this, Jackson let two crew members 42: wa~t to· gossip and spread &nef 
55 leave . plane; five hours later he gave · 4) 1.-we don~ . so.I,Deone to delve Into 
himself up. each others affmrs. 
When Pahopin and crew are not on: 
44 ·the . the camera is focused on u_stu~!· 9. 2 Neighborhood 'rV A'> .dio clock-.-· on dials anct gauges con-1 
. . 46 nccted to rooftop instruments tell~ 
Like other TV v1cwers. the residents the wind velocity and direction and:: 
1 of P~rkcr an a~artment corn-' 47 ~the just outside Parker! 
2 p!ex m the New Y?rk City- . of ·Towers. Occasionally. the camera is:~ 
3 Queens~ can. tune In to a numbm~ .· ~~48 , to focus on cards advertising.: 
. · of natiOnal and loca! . t~l~v!slon 4 9 ·the wares and of local mer-'· 
4 shows. But the families m ~hel 50 chants, who can buy three months \. j 
:Tow~rs can also watch pr_o~:a~~mmg1 , spot commercials for S 150 (more than: ~ 1s mor~ local than most. i.t IS tele-
1 
51 40 have signed on). ! 
7
0 CJ')t . - directly ~1cneath their apart~ Little League. No Nielsen-l~ke poll, 
mcnb 1.n the basement on own tcle .
1 
~2 f 1 _ h·ls been earned ou~ 
. . t f T T V 6 3- o t te , VISions a 10!1· - ~ .-, · _ ·. . since live programming began earl i 
. By turmng to C ~unncl 6 _on weck.l October. but an eleven-year-old rcsiden~ 
8 n1ght> . 7p.m. and 8.30, p.m., 54 Ricky Neuhofl' already has a~ 
9 Parker rc~1dcnt~ c.1n other tenants. 56 . d f his ~ Plannino- an aucno1 
d I . h·l·' d t ne ohbor I 10 ex 0 · o an t 1c1r c 1 urcn an pc s, .. 1? .-.-j 't"J raise money for musCular-
1 0 hood _ , cops and polit1c1_ans_ m 
. . . 
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